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INTRODUCTION 
General Statement 
This report presents the findings, analysis, conclusions, and recommendations developed 
as part of an investigation to characterize the hydrogeology of the Arroyo Seco Cone area of the 
Salinas Valley. The purpose of this investigation is to assess the feasibility of developing a 
seasonal surface water spreading operation utilizing water diverted from the Arroyo Seco in 
order to enhance ground water recharge in the area. The goal of a project to store water in the 
ground for subsequent pumping and use is to increase the yield of the Salinas Basin. This 
investigation defines the hydrogeologic characteristics of the Arroyo Seco Cone area, 
characterizes the hydrology of the Arroyo Seco and the availability of divertable flows, and 
estimates the annual recharge that could be achieved through the development of spreading 
basins. 
Three monitoring well clusters were installed on the Arroyo Seco Cone to delineate 
subsurface stratigraphy and aquifer characteristics, and to collect continuous, long-term water 
level data. A test infiltration basin was constructed and used to perform an extended infiltration 
test. The investigation also included the construction of a shallow production well and 
observation well for the purpose of aquifer testing. 
The field work performed as part of this investigation was conducted between July 1993 
and March 1994. This report documents hydrogeologic exploration and well construction 
activities, water quality analyses, water level measurements, infiltration testing, and aquifer 
testing. Subsurface exploration, monitoring well construction, and test production well 
construction was performed by R.L. Redfeairn Drilling of Bakersfield, California. Shallow 
observation wells utilized during the infiltration testing were drilled and constructed by 
Exploration Geoservices of San Jose, California. Test pit construction, site preparation and 
restoration, and drilling support services were performed by Alves Backhoe Service of 
Greenfield, California. Staal, Gardner & Dunne, Inc. (SGD), provided continuous supervision 
of all contractor activities. 
Problem, Background, and Concept 
Continuing population growth and agricultural pressures in the Salinas Valley have 
resulted in the development of a chronic overdraft of the Salinas Ground Water Basin, the 
principal water supply for the area. The overdraft has resulted in seawater intrusion in the 
aquifer system west of the City of Salinas and has impacted the viability of the agricultural 
industry in this area. The seawater intrusion now also threatens the municipal water supply for 
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the City of Salinas. The critical nature of this situation has prompted the State Water Resources 
Control Board to review the progress of seawater intrusion abatement in the Salinas Basin and 
require specific actions to be taken by the County of Monterey Water Resources Agency 
(Agency). 
One solution to the overdraft problem would be a reduction in ground water pumping in 
the areas being intruded by seawater, accompanied by the development of a water redistribution 
project to replace the pumped water. The redistribution project would capture "excess" surface 
flows in the southern portion of the basin and transfer the water to the more northerly portion 
through a pipeline system. "Excess" surface water flow is defined as unmanaged streamflow 
that does not naturally percolate and become stored in the ground water basin and is currently 
flowing to the ocean, hence the opportunity to use this water is lost. 
The concept of a water capture/transfer project for the Salinas Basin is not new. The 
concept was advanced as early as 1904 by Homer Hamlin (United States Geological Survey 
[USGS]) and later detailed in State of California Division of Water Resources Bulletin No. 52 
published in 1942. These investigators recommended some type of capture and storage of water 
from the Nacimiento, San Antonio, and Arroyo Seco watersheds. Based on these recommenda-
tions, the County moved ahead with the development of the Nacimiento and San Antonio 
reservoirs in the late 1950s. Surface runoff is now captured in these reservoirs and is 
transferred to the more northerly portions of the basin through controlled releases to the Salinas 
River. 
Although surface water flows from the Nacimiento and San Antonio watersheds are now 
controlled, no program to capture excess surface flow from the Arroyo Seco watershed has been 
implemented. Estimates place average annual streamflow in the watershed at approximately 
120,000 acre-feet (at), some portion of which percolates naturally into the ground water system. 
The excess flow enters the Salinas River at a point several miles south of the area where the 
Salinas Basin becomes confined. The "uncaptured" flow from the Arroyo Seco has been 
estimated to be approximately the magnitude of the current overdraft of the basin (50,000 at) 
(Wahler, 1971). The concept of a dam in the Arroyo Seco watershed has also been advanced 
on several occasions, each time meeting with local opposition for a variety of reasons. 
While a dam and surface water reservoir may be institutionally infeasible on the Arroyo 
Seco, implementation of an enhanced recharge program on the alluvial fan, or the so-called 
Arroyo Seco Cone, has been repeatedly suggested. It has been estimated that natural percolation 
within the cone area only captures approximately 50 percent of Arroyo Seco flows (CH2M Hill, 
1982). It has been suggested that, through the development and operation of an off-stream 
spreading operation, the capture could be significantly increased. The captured flows could then 
77A\0-RPT2.APR 
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be beneficially used in other areas of the basin, thereby reducing the overdraft of the Salinas 
Basin. 
The concept of developing a spreading operation in the Arroyo Seco Cone area was first 
advanced by the California Department of Public Works - Division of Water Resources (now 
Department of Water Resources [DWR]) in 1933. Since that time, several additional studies 
have been performed, the most notable being those prepared by Harding and Bunte (1957), 
Monterey County Flood Control and Water Conservation District (MCFCWCD) (1968), and by 
Wahler and Associates (1971) . These studies included field reconnaissance and short-term 
infiltration testing, and focused on the feasibility of the construction and operation of the 
spreading basins. It was concluded that infiltration rates were relatively rapid and that spreading 
would likely be feasible if the appropriate diversion works were developed. Both studies, 
however, identified the relatively high ground water levels in the lower portion of the cone and 
the resulting lack of available aquifer storage. It was assumed that the limited aquifer storage 
would be overcome by the relatively high horizontal transmissivity which, in tum, would serve 
to distribute the water over a larger area. Wahler (1971) suggested that the yield of such a 
project could be substantially improved if some type of upstream control structure on Arroyo 
Seco was used to extend the spreading period. 
The previous studies focused predominately on the feasibility of spreading operations 
within the Arroyo Seco Cone area, and the conclusions were based on the short-term response 
of infiltration testing. Little detailed work was performed on the overall hydrogeology of the 
area. Development of a subregional understanding of the hydrogeology of the area is considered 
critical for the evaluation of the feasibility of long-term spreading operations. Significant 
required data include the presence or absence of significant stratigraphic layers within the 
structure of the cone, seasonal water level fluctuations, and aquifer parameters of transmissivity 
and storativity. These data are required to predict long-term infiltration rates and usable long-
term storage volume, and will allow for the prediction of adverse effects, such as locally rising 
water and impacts to the riparian corridor. These data are also considered essential for the 
design of extraction facilities that would be required as part of a water transfer project. 
Purpose and Scope 
The purpose of this investigation is to define the hydrogeologic characteristics of the 
Arroyo Seco and the Arroyo Seco Cone with the specific intent of assessing the feasibility of 
developing spreading operations and extraction facilities for surplus winter flows of the Arroyo 
Seco. 
The original scope of work was developed through correspondence between SGD and 
Agency staff and was authorized as Task Order No. 2 of Master Services Agreement 
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WR9293-007. Although the scope of work focused primarily on the hydrogeology in the Arroyo 
Seco area, a portion of the authorized work included preliminary work focusing on the 
assessment of the ability to increase infiltration from the Salinas River through a series of wells 
proximate to the river. This latter portion of the investigation is documented in a separate report 
entitled Preliminary Hydrogeologic Study - Salinas River Enhanced In.filtration Well System, 
dated April 1994. 
The work was performed in four phases. The first phase focused on defining the 
hydrogeologic framework of the study area. The second phase included the infiltration testing 
and development of data to assess the long-term yield of spreading operations. The third phase 
consisted of aquifer testing and included the construction of a test production well and an 
observation well . The final phase included integration and interpretation of the data collected, 
and the preparation of this report presenting our findings, conclusions, and recommendations. 
As performed, the specific work tasks included: 
• 
• 
• 
• 
• 
• 
• 
77A\0-RPT2.APR 
Review of existing hydrogeologic and hydrologic data provided by the Agency 
including: pertinent literature and published reports; well logs; water level data; 
water quality data; and stream discharge data. 
Field survey to identify existing wells to confirm and supplement the Agency's 
database of well information. 
Selection of suitable locations in County right-of-ways for drilling and construc-
tion of three monitoring well clusters. The locations were based upon data 
requirements, drill rig access, and cooperation of adjacent property owners. 
Assistance with permitting the three monitoring well clusters . 
Drilling, lithologic logging, and geophysical logging of three exploration borings 
within the study area, one to a depth of 600 feet and each of the other two to a 
depth of 300 feet. 
Completion and development of three monitoring well clusters. The monitoring 
well cluster at the site of the 600-foot exploration boring consisted of three wells 
to depths of approximately 95, 280, and 590 feet. The other two clusters 
consisted of two wells completed to depths of approximately 125 and 280 feet. 
Collection of water level and water quality samples from each of the monitoring 
wells . 
- 4 -
l 
1 
April 1994 SGD Project No. 93-71-1480 
• Integration of the collected borehole data into the Agency-prepared geologic cross 
sections. 
• Review of California Division of Oil and Gas (DOG) records and acquisition of 
data from exploratory oil wells drilled within the study area. 
• Integration of DOG data into the Agency-prepared geologic cross sections. 
• Preparation of water level contour maps for periods corresponding to the basin 
high and low over the period of record. 
• Identification of suitable locations for infiltration testing, based on site hydro-
geology, soil characteristics, water supply availability, and property owner 
cooperation. 
• Construction of a test percolation pond, drilling and construction of four observa-
tion wells to be used during the infiltration tests, and installation of appurtenances 
necessary to conduct the test and monitor the test results. 
• Performance of a 140-hour infiltration test, which included the continuous 
measurement of infiltration rate, and water level and soil moisture data from the 
four observation wells. 
• Review of data to identify suitable well pairs for aquifer testing. Criteria 
included suitable completion schedule, water disposal logistics, availability of 
suitable, proximate observation wells, and cooperation of the well owner. Based 
upon these criteria, no suitable wells were identified. 
• Construction of a test production well and observation well for the purpose of 
conducting an aquifer test. 
• Performance of a 36-hour aquifer test. 
• Compilation, integration, and interpretation of collected data, and preparation of 
this report presenting our findings, conclusions, and recommendations regarding 
the feasibility of developing surface water spreading operations on the Arroyo 
Seco Cone. 
Accompanying this report are a number of maps and plates that depict the hydrogeologic 
conditions within the study area. Many of the maps utilized ARC/INFO geographic information 
77A\0-RPT2.APR 
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system (GIS) technology and digital data from the Agency's GIS. These maps have been 
provided in 11-inch by 17-inch format for inclusion in the report. Large color versions of the 
maps have been provided to the Agency under separate cover. We have also provided the 
Agency with ARC/INFO macros (AMLs), new data layers, and documentation of these data 
layers. These will allow the Agency to produce additional copies of the larger maps and to 
facilitate updating of the maps. 
FINDINGS AND ANALYSIS 
Area of Investigation 
The study area encompasses the alluvial fan (the so-called "cone") of the Arroyo Seco 
from the gaging station at the Greenfield bridge near the Reliz Creek confluence to the 
confluence with the Salinas River. Based on the geomorphology of the fan, the boundary of the 
study area toward the west has been defined to be approximately the 600-foot elevation contour 
and includes the area of the elevated plain west of Arroyo Seco Road. The boundary to the 
north and east is the Salinas River. The boundary of the cone to the south and southeast is 
defined as where the Arroyo Seco alluvial fan abuts the mountains and onlaps the Monroe Creek 
alluvial fan . The study area encompasses approximately 35, 154 acres. The boundaries of the 
study area as described above are shown on Plate 1 - Well Locations and Cross Sections. 
The specific area considered for the potential development of spreading basins and 
extraction facilities was established by the Agency. The so-called "project area" includes the 
portion of the Arroyo Seco Cone bounded by Thorne Road to the south, the 280-foot elevation 
contour to the west, the confluence with the Salinas River to the north, and Highway 101 to the 
east. The project area encompasses an area of 7 ,493 acres and is shown on Plate 1. 
Physical Setting 
The Arroyo Seco is the only major unregulated tributary to the Salinas River. The 
watershed of the Arroyo Seco is located in the Sierra de Salinas Mountains southwest of the City 
of Greenfield and encompasses an area of approximately 263 square miles within the mountains 
and 40 square miles on the valley floor. The elevation of the watershed ranges from 5, 682 feet 
at Junipero Serra Peak to 170 feet at the confluence of the Salinas River. The average annual 
rainfall within the watershed is approximately 10 inches at the valley floor to as much as 
75 inches in the upper portions of the watershed. Average annual rainfall in the watershed is 
approximately 25 inches. 
77A\0-RPT2.APR 
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The Arroyo Seco Cone originates at the mouth of the canyon approximately 3 miles 
southwest of the City of Greenfield. The approximate geographical boundaries of the Arroyo 
Seco Cone are the Salinas River to the north and east and the eastern base of the Santa Lucia 
Range to the west. The total area of the Arroyo Seco Cone is approximately 55 square miles. 
The active channel of the Arroyo Seco through the cone is a braided, broad gravel wash 
approximately 11 miles long and 3,500 feet across at the widest point just north of Hudson 
Road. Reliz Creek is tributary to the Arroyo Seco in the upper portion of the cone. 
The dominant land use on the cone is agriculture. Currently, the land is utilized for 
production of a variety of crops including peppers, wine grapes, lettuce, broccoli, and asparagus. 
Approximately 30,000 acres of the 35, 154-acre study area are currently in production. The 
remaining area is either developed in farm or residential structures or is fallow. 
Regional Geology 
The geologic features of the Salinas Valley and the adjacent upland areas have been 
described as part of numerous investigations including DWR (1946), Tinsley (1975), Weidman 
(1944), and Brown (1984). The Salinas Valley is part of the Coast Ranges geomorphic 
province, which is characterized by sub-parallel mountain belts and structural valleys formed 
during Neogene tectonism. The Salinas Valley is situated between two areas where uplift has 
occurred. The Santa Lucia Range and its prominent easternmost ridge, the Sierra de Salinas, 
are comprised of Mesozoic and Cenozoic sedimentary, volcanic, and metamorphic rocks, and 
form the southwestern boundary of the valley. The Gabilan Range and the Gabilan Mesa consist 
of Mesozoic granitic and Cenozoic sedimentary deposits, and constitute the Gabilan Highlands, 
which form the northeastern boundary of the valley. Geologic features of the study area are 
shown on Plate 2 - Geology and Faults. 
Pliocene to Recent sedimentation within the valley reflects a complex interaction of 
fluvial morphology, alluvial fan deposition, and eustatic sea level changes. The study of oil and 
water well logs and observations of ground water characteristics are useful in interpreting 
depositional patterns. Valley fill is comprised predominantly of interfingering fluvial facies of 
the Salinas River and alluvial fan deposits from both sides of the valley. As shown on Plate 2, 
alluvial fan deposits from smaller tributaries on the eastern side of the Santa Lucia Range have 
been terminated and abut older alluvial deposits of the Arroyo Seco. These older fan deposits 
have been uplifted by orogenic forces and are now being dissected by the present day Arroyo 
Seco. Advancement of the Arroyo Seco alluvial fan has caused displacement of the Salinas 
River toward the northeastern side of the valley. The southern portion of the cone interfingers 
with alluvial deposits from Reliz Creek and alluvial fan deposits west of the City of Greenfield. 
Stratigraphic relationships of older alluvium, alluvial fan deposits, and fluvial deposits are 
difficult to interpret; however, hydraulic communication is believed to exist between all of these 
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materials, based upon observed water level data and knowledge of the high energy depositional 
environment and sand and gravel facies that exist. 
Hydrogeology 
General Statement. The study area is located within the Forebay area of the Salinas 
Basin, one of the areas defined as part of the Salinas Basin Investigation (Bulletin 52) conducted 
by DWR (1946). The areas were not intended to be interpreted as distinct sub-basins because 
ground water was assumed to flow freely from one area to another. These areas initially were 
defined as the Pressure area, the East Side area, the Forebay, the Arroyo Seco Cone, and the 
Upper Valley. The Arroyo Seco Cone and the Forebay were later combined into one area. 
Plate 3 - Salinas Basin Areas, shows the relative locations of these subbasins. 
The Forebay area covers the central portion of the Salinas Valley and extends from 
Gonzales to south of Greenfield. The area is defined primarily by the unconfined nature of the 
aquifer system and by the influence of recharge from the Arroyo Seco. 
Well Inventory. The initial phase of this investigation consisted of the collection and 
review of available data from the Agency including well logs and available literature. A field 
survey was then performed to identify wells in the study area that were not included in the 
Agency database. Fifty-seven Agency study wells existed in the study area. Approximately 123 
previously unidentified wells were located. The updated well inventory is believed to include 
all of the significant ground water extraction facilities in the study area; however, it is likely that 
some smaller domestic supply wells remain unidentified. The total number of wells in the study 
area is approximately 180. The locations of Agency study wells and the wells identified through 
the field survey are presented on Plate 1. The locations of the wells shown on Plate 1 identified 
by SGD through the field survey are approximate, and were determined in the field using 
topographic maps or aerial photographs, unlike the locations of Agency study wells, for which 
accurate locations were determined utilizing global positioning system (GPS) technology. Wells 
located by SGD are designated as such on Plate 1. 
Subsurface Exploration and Monitoring Well Construction. Based on review of the 
available data and considering the data requirements for environmental review of the potential 
project, locations for three monitoring well clusters were selected. Monitoring wells were 
constructed near the western terminus of Hudson Road, at the "S"-curve on Los Coches Road, 
and on Thorne Road east of the crossing of Arroyo Seco. These locations were selected to 
provide specific lithologic data in and adjacent to the project area and to allow collection of 
continuous long-term water level data. Continuous water level data are considered essential to 
assess the seasonally available storage and the response of the aquifer system to natural recharge 
events. Construction activities and details are presented in Appendix A. 
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Hydrostratigraphy. Lithologic data from throughout the study area, primarily in the 
form of drillers' logs from wells constructed by the cable tool method, were assembled by 
Agency staff. Selected logs have been entered into the Agency's geologic database software 
(GEOBASE 6.0.) that was used to prepare geologic cross-sections depicting the general 
hydrostratigraphy of the study area. The cross sections and all available well logs on file with 
the Agency were provided to SGD. These data were then incorporated with other sources of 
hydrogeologic information including lithologic data acquired through the drilling of the Arroyo 
Seco monitoring wells, available oil well data, and published geologic reference material. All 
of this material combined provided a basic framework for the development of an understanding 
of the hydrostratigraphy of the study area. These data were utilized to develop cross sections 
delineating the general hydrostratigraphy of the study area. SGD provided the geologic 
interpretation and provided "picks" to Agency staff for preparation of the final sections. Eight 
cross sections were prepared, Sections 1-1 ', 2-2', 3-3', 4-4', 5-5', 6-6', 7-7', and D5-D5', and 
are included as Plates 4 through 11 - Hydrogeologic Cross-Sections. The locations of the 
sections are shown on Plate 1. 
The cross section(s) presented focus on vertical and aerial distribution of the alluvial 
materials comprising the Arroyo Seco Cone. Specifically, sections were used to determine 
hydraulic continuity of the sediments within the Arroyo Seco Cone, and the relationship of these 
semi- to unconsolidated alluvial materials with underlying bedrock, other alluvial fan deposits 
from the Sierra de Salinas, and alluvial deposits of the Salinas River. In general, the sections 
depict the interbedded, discontinuous nature of these deposits, which consist of sand, gravel, 
clay, and mixtures of each. Review of the cross sections reveals the difficulty of correlation of 
these units for the any distance across the study area. 
Sections 5-5' and 7-7' exhibit the nature of the western portion of the study area. 
Faulting and uplift along the eastern base of the Sierra de Salinas appears from the boundary of 
the Arroyo Seco Cone, where alluvial materials are abutted by Plio-Pleistocene age Paso Robles 
Formation and Miocene age Monterey Formation. More recent fan deposits appear to 
interfinger with cone deposits along this western margin. The Paso Robles and Monterey 
Formation underlie the unconsolidated deposits of the cone, but log interpretation of the deeper 
borings is difficult and it is difficult to determine the depth at which this occurs. Oil well data 
suggest that the alluvial fill in this portion of the basin is as much as 1, 600 feet thick (Durham, 
1974). 
The other sections reveal discontinuous lenticular patterns of alluvial deposition 
throughout the cone interfingering with Salinas River deposits. Correlation of distinct aquifer 
units is, therefore, not possible. Cross sections 1-1', 3-3', 5-5', and 6-6', transect the terraces 
that form the bench area, the most striking geomorphic feature on the surface of the cone. The 
sections indicate that these are erosional features and not expressions of geologic structure (i.e., 
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faulting). Subsurface deposition across these terraces appears to be continuous. The cross 
sections also suggest that deposition from the Salinas River is more significant in the area south 
of the City of Greenfield, as evidenced by the relative abundance of shallow clay units indicative 
of overbank deposits. 
Aquifer Parameters. The relatively shallow depth to ground water in the study area has 
been identified as a possible limitation to the development of a successful surface water 
spreading operation in the area. Previous assessments of the feasibility of spreading operations 
have assumed the transmissivity of the area was sufficiently high and would allow rapid 
horizontal movement of the infiltrating water. If the transmissivity of the sediments is not 
sufficiently high, mounding of the water table could limit the volume of water that could be 
spread at a given location. 
Aquifer parameter data in the area, however, are sparse. To our knowledge, no formal 
aquifer tests have been performed in the study area. Some indication of aquifer transmissivity 
(T) can be deduced from specific capacity (SC) data utilizing the Logan approximation (SC in 
gpm/ft x 1800 = Tin gpd/ft [Logan, 1964]). However, in highly transmissive sediments where 
aquifer materials are more transmissive than those surrounding the well intake section, the values 
derived from this approximation tend to underestimate the magnitude of the transmissivity value. 
Available specific capacity data in the study area have been tabulated and are presented in 
Table 1 - Arroyo Seco Well Data, Aquifer Parameters. Review of Table 1 reveals that specific 
capacity data range from 43 to 318 gallons per minute per foot of drawdown (gpm/ft). Utilizing 
the Logan approximation, these values correspond to a range of transmissivity of 76,500 to 
572,300 gpd/ft and average 228,600 gpd/ft. 
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Table 1. Arroyo Seco Well Data, Aquifer Parameters 
18S/6E-02Nl 2,530 9.9 255.6 460,000 274 80 to 121 135 
155 to 197 
216 to 268 
18S/6E-03Dl 1,075 20.0 53 .8 96,750 135 104to 131 27 
18S/6E-11Bl 1,685 5.3 317.9 572,264 240 164 to 236 72 
18S/6E-11Ll 1,760 24.l 73 .0 131,452 265 35 to 75 90 
215 to 265 
18S/6E-12Cl 1,805 42.5 42.5 76,447 236 155 to 226 71 
18S/6E-12C2 2,175 23 .1 94.2 169,481 220 145 to 176 58 
188 to 215 
18S/6E-13Cl 1,826 31.0 58.9 106,026 255 167 to 183 34 
211 to 229 
18S/6E-26T50 3,000 25 .0 10.0 120.0 216,000 200 106 to 168 82 
172 to 192 
gpm gallons per minute 
SC Specific Capacity (gpm/ft of drawdown) 
gpd gallons per day 
Aquifer Testing. In order to develop better aquifer parameter data for the project area, 
available well data were reviewed in an attempt to identify wells suitable for the performance 
of aquifer tests. Selection criteria included knowledge of the well construction details and the 
existence of a proximate well of known construction that could be utilized for an observation 
well. Seven well pairs were identified and provided to the Agency for review. Due to political 
resistance to the potential project in the study area, the Agency was unable to negotiate 
permission to utilize these wells for testing purposes. However, the Agency was successful in 
negotiating an agreement with a landowner in the project area to construct a shallow production 
well and monitoring well for testing purposes. These wells were designed by SGD to allow for 
the determination of the aquifer properties of the shallowest sediments, which would represent 
the storage reservoir for the potential project. Construction of the production and observation 
wells is documented in Appendix B. 
Aquifer testing consisted of two constant-discharge tests; one for a period of approxi-
mately 30 hours, the other for a period of approximately 2 hours. The test procedures, collected 
data, and aquifer test analyses are presented in Appendix B. 
Project schedule constraints resulted in the performance of aquifer testing under less than 
optimum conditions. During the test period, the aquifer system was responding to significant 
recharge from infiltration from the adjacent Arroyo Seco and from areal recharge from the 
recent precipitation. Additionally, the project area received an additional 1.58 inches of rain in 
a period of 72 hours during the test period. These conditions complicated analysis of the aquifer 
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test data and resulted in a value that is believed to be uncharacteristically high, 415,000 gpd/ft. 
The collected data were not considered usable for the calculation of a coefficient of storage. 
Confidence in the test is not high; the transmissivity value derived is substantially higher than 
the average value of 228,600 gpd/ft derived from the Logan approximation. Based on the 
aquifer materials and the hydrostratigraphy, the actual value is likely between these two 
estimates and is on the order of 300,000 gpd/ft. However, because of the less than favorable 
conditions under which the tests were performed and the inaccuracies inherent in the Logan 
approximation, it is recommended that an additional aquifer test be performed at the site to 
verify and/or refine the values derived from the testing performed as part of this investigation. 
It is our understanding that the Agency has retained access rights to the wells for this purpose. 
Storativity. As previously noted, the data from the aquifer test were not considered 
usable for the calculation of a storage coefficient for the aquifer system. Had the test data been 
usable, the value derived would likely have resulted in a value that represented the short-term 
transient storage value for the system. This value is representative of the initial release of water 
from storage and, while useful for predicting well drawdown and transient response of the 
aquifer system, does not represent the volume of water that can placed into or taken from 
storage in a specific section of the aquifer system, which is critical for the assessment of the 
feasibility of the potential project. 
An estimate of long-term storage or specific yield was calculated for the upper 100 feet 
of sediment (excluding the upper portion of the soil zone) in the Arroyo Seco Cone area. The 
specific yield of an aquifer is the amount of water that will drain from a saturated sediment by 
gravity and is predominantly a function of pore size. The average specific yield of the materials 
comprising the cone area was derived using the so-called "Well Log Method" of Evenson 
(1962). This method involves the assignment of a specific yield for each sediment type 
encountered in a lithologic log and the calculation of a weighted average of the specific yield for 
the lithologic section at that location. An average specific yield is then calculated from the 
weighted specific yields in the study area. 
Nineteen representative well logs were selected to develop an average specific yield for 
the sediments comprising the Arroyo Seco Cone area. The upper 100 feet of sediment in each 
of the selected logs was analyzed and subdivided into one of five classes, either clay (CL), silt 
(ML), silty sand (SM), clean sand (SW), or gravel (GW). Based on the specific yield assigned 
to each class and the percentage of that class of sediment on each log, a weighted specific yield 
was calculated for each location. The resulting specific yield values were then averaged to 
estimate specific yield for the study area. The results of the analysis are presented in Table 2 -
Specific Yield Calculations, Arroyo Seco Cone Area, Upper 100 Feet. Review of Table 2 
reveals that specific yield values range from approximately 10 to 23 percent and average 17 
percent for the study area. 
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Water Level Data. Data from previously existing study wells (semiannual to annual 
records) and newly installed, data-logger-equipped Arroyo Seco monitoring wells (continuous 
records) were analyzed to assess regional aquifer response to long-term climatic changes and 
seasonal response. 
Long-Tenn Records. The Agency provided water level data from over 70 wells located 
throughout the study area, many with historical records dating back to the early 1930s. The 
locations of the study wells are shown on Plate 1. Hydrographs were prepared for 18 of the 
Agency's study wells and are contained in Appendix C. Aquifer response to long-term climatic 
changes is apparent in the hydrograph records. Drought conditions occurred in 1933, 1962, 
1977, and most recently in 1991. The most significant basin low was in 1991 and is the result 
of a steady decline following the historical basin high of 1983. Most recent data show a regional 
water level recovery, but current water levels still range between 5 to 20 feet below normal 
mean levels. 
Table 2. Specific Yield Calculations, Arroyo Seco Cone Area, Upper 100 Feet 
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17S/6E-07Q01 62.0 0.012 0.000 0.000 0.000 38.0 0.087 0.100 100 
17S/6E-16P02 87.0 0 .017 0 .000 4 .0 0 .008 9.0 0 .023 0.000 0 .048 100 
17S/6E-26R01 10.0 0.002 0.000 0.000 27.0 0.068 63.0 0 .145 0.214 100 
17S/6E-28D01 0.000 0 .000 0 .000 23.5 0.059 76.5 0.176 0.235 100 
17S/6E-31 M02 64.0 0 .013 0 .000 6 .0 0.013 16.0 0 .040 14.0 0 .032 0.098 100 
17S/6E-36LO 1 0.000 0.000 0 .000 19.0 0.048 81.0 0 .186 0.234 100 
18S/6E-04M02 45.0 0 .009 0 .000 0 .000 39 .0 0.098 16.0 0.037 0 .143 100 
18S/6E-06H01 63.0 0 .013 0 .000 0 .000 20.0 0.050 17 .0 0.039 0 .102 100 
18S/6E-08K01 38.5 0.008 0 .000 0 .000 23.5 0.059 38 .0 0.087 0 .154 100 
18S/6E-11N01 17.0 0 .003 0.000 0.000 6.0 0 .015 77.0 0.177 0 .196 100 
18S/6E-16B01 38.5 0 .008 0.000 0.000 10.0 0.025 51.5 0.118 0 .151 100 
18S/6E-24M 8.0 0 .002 0 .000 14.0 0.029 23 .0 0 .058 55 .0 0.127 0 .215 100 
18S/6E-34A01 38.5 0 .008 0.000 0.000 0 .000 61.5 0.141 0 .149 100 
18S/7E-18L02 41.0 0 .008 0 .000 0.000 13.0 0.033 46.0 0.106 0 .147 100 
18S/7E-30PO 1 27.5 0 .006 0.000 0 .000 17.5 0.044 55 .0 0 .127 0 .176 100 
19S/6E-01H01 2 .0 0.000 0.000 0.000 29.5 0.074 68 .5 0.158 0.232 100 
19S/6E-03M02 40.0 0 .008 0 .000 0 .000 30.0 0.075 30.0 0.069 0.152 100 
19S/6E-11L01 16.5 0.003 0.000 0.000 0.000 83 .5 0.192 0 .195 100 
Average Specific Yield: 16.6 
I Specific yield assigned to sediment type, from Evenson, 1962. 
The hydrograph data from wells located in the "Bench" area west of the Arroyo Seco 
(north and west of Los Coches Road and east of Arroyo Seco Road) reveal this area to have 
average water surface elevations approximately equal to those to the east. However, the record 
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reveals a greater high-low contrast relative to other wells in the study area. There are seasonal 
fluctuations of up to 35 feet in wells on the Bench, while wells to the east show less seasonal 
fluctuation. The greater seasonal fluctuation is likely associated with the distance to the source 
of recharge. While response to recharge is slower, ground water gradients in the basin area, 
as shown on basin high and low contour maps, exhibit no distinct changes. This evidence 
supports the belief that the Bench is likely a geomorphic (surface) feature and that the Bench 
does not correspond with a subsurface feature that affects the flow of ground water. 
Continuous Record. Water levels were measured in each of the seven recently 
completed monitoring wells following well construction and development. The wells were then 
instrumented with pressure transducers and data loggers by the Agency, allowing for the 
continuous collection of water level data. Review of these data reveal the various influences on 
water levels in the area, including 1) the daily influence of pumping cycles of proximate wells; 
2) the response to regional recharge from Arroyo Seco flows tributary to the upper portion of 
the cone; 3) regional reduction in pumping stresses in the area; and 4) recharge response due 
to direct infiltration of Arroyo Seco surface flow. Hourly water level data for 4 separate weeks 
during the period November 4, 1993, to March 16, 1994, were plotted and reviewed for each 
well. These periods were selected to represent periods when water levels were responding to 
various factors, including the end of the irrigation season, Arroyo Seco flows on the upper and 
lower portion of the cone, and receding Arroyo Seco flows . These plots are presented in 
Appendix C. 
The Thome Road monitoring wells show the apparent influence of the daily pumping 
cycles of a nearby well(s). Pumping generally begins between 5 a.m. and 8 a.m. lasting from 
1 to 4 hours followed by another cycle beginning at approximately 8 p.m. lasting until about 
12 a. m. These cycles appear to persist throughout the period of record . The interference effect 
is roughly 0.1 to 0.2 foot of drawdown in the 150-foot monitoring well, and approximately 0.5 
to 1.0 foot of drawdown in the 300-foot monitoring well. However, during the period when the 
Arroyo Seco was flowing, these influences appear to be dampened by the proximate recharge 
from the Arroyo Seco. The difference in the relative magnitudes of the observed drawdown 
between the 150- and 300-foot monitoring wells suggests that proximate wells are perforated 
more similarly to the 300-foot monitoring well than the 150-foot monitoring well. 
The water level rise observed in the Thome Road wells prior to flow in the Arroyo Seco 
in the project area (November 4, 1993, to February 7, 1994) was approximately 14.7 and 12.5 
feet in the 150-foot and 300-foot monitoring wells, respectively. As can be seen in Plate 12 -
Thome Road 150-Foot Monitoring Well, the recovery in the water levels is primarily in 
response to flows in the Arroyo Seco that are infiltrating in the upper portion of the cone. 
During the period of flow in and through the project area (February 7, 1994 to March 14, 1994) 
water levels rose an additional 10.5 and 7.0 feet in the 150- and 300-foot monitoring wells, 
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respectively, in response to direct recharge from Arroyo Seco flows. Following the relatively 
rapid rise of water levels in response to Arroyo Seco flow, the mean water levels in each well 
appear to stabilize, which is interpreted to reflect the decreasing flow in the Arroyo Seco. 
Similar patterns are evident in the data from the Hudson Road monitoring wells. The 
daily influence of the pumping cycles of proximate wells is displayed in both wells. The cycles 
appear to begin at approximately 7 a.m. and last into the afternoon. The magnitude of the 
influence fluctuates from approximately 0.3 to 1.3 feet, and approximately 0.5 to 2.3 feet of 
drawdown in the 150- and 300-foot monitoring wells, respectively. The variations in the daily 
magnitude is likely a result of superposition of the effects of two or more wells operating on 
differing schedules. Again, the greater magnitude of influence displayed in the 300-foot wells 
is reflective of greater proportion of extraction from this portion of the aquifer and possibly 
some minor degree of confinement. 
Over the period of record (November 4, 1993, to March 16, 1994) water levels in each 
of the Hudson Road monitoring wells show the response to various recharge effects. Prior to 
flow in the adjacent channel (November 4, 1993, to February 7, 1994), water levels rose 
approximately 5.2 feet in each well at this location. This rise is interpreted to reflect the 
regional relaxation of pumping stresses and infiltration of Arroyo Seco flows on the upper 
portion of the cone. From February 7, 1994, to March 14, 1994, when flow was present in the 
proximate channel, water levels rose roughly another 6.0 and 5.7 feet in the 150- and 300-foot 
monitoring wells, respectively. The rapid rise is the result of infiltrating Arroyo Seco flows in 
the adjacent channel. After flow ceases, water levels begin to decline, as the recharge mound 
decays. 
The Los Coches Road monitoring wells also show the apparent influence of pumping 
cycles. Most prominent is the effect of a proximate well in the record from the 150-foot 
monitoring well. The pumping cycle begins each day at about 2 p.m. and continues until around 
10 p. m., with an average drawdown and subsequent recovery of approximately 0.1 foot. The 
300-foot monitoring well also displays the influence of a nearby well(s) with magnitudes ranging 
from 0.1 to 0.5 foot of drawdown, however, a discernable cycle is not apparent. 
A general increase in water levels at the Los Coches Road monitoring wells of about 3.0 
and 4.1 feet was observed in the 150-and 300-foot wells, respectively, during the period of 
November 4, 1993, to February 7, 1994. Again, this increase is attributed to a regional rise in 
water levels due to infiltration of Arroyo Seco flows on the upper portion of the cone and, to 
a lesser extent, a regional relaxation of pumping stresses. After flow in the lower portions of 
the Arroyo Seco channel was established, water levels in the 150- and 300-foot monitoring wells 
increased an additional 5 .1 and 5 .5 feet, respectively. Water levels then stabilized in response 
to the cessation of flow in the channel. 
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Comparison of the water levels in the monitoring wells at each site shows minor 
differences in water level associated with depth of completion. Differences are not consistent. 
The shallow well displays a higher water level at some locations at some times and lower at 
some locations at other times. Comparison of the differences over time suggests that the 
differences are transient and, with time, pressure differences between zones diminish. The effect 
of variations in pressure distribution are evident in response to both recharge and extractions. 
At some locations the effect of pumping lowers head in the lower zone relative to the shallow 
completion while at other times the effect of recharge lags in the shallow zone. These variations 
reflect the varying nature of the stratigraphy in the area, which results in local confinement of 
zones that complicate the redistribution of pressure within the aquifer system. Regardless of 
localized variations, the data confirm the generally unconfined nature of the aquifer system. 
Areal Distribution. Regional water level data were reviewed and utilized to construct two 
sets of water level contours representing periods of historical basin high and low water levels. 
Review of the data revealed that the historical basin high was best represented by water level 
data collected in November 1983 and the basin low by data collected in November 1991. In 
constructing the contour maps, it was occasionally necessary to utilize data collected during other 
periods of high or low conditions to fill in gaps where data from the period considered were not 
available. This was accomplished by reviewing records for wells in areas where the data gaps 
existed and selecting data from alternate periods of extreme high or low water level conditions. 
Data from several of the wells used to construct the water surface elevation contour maps are 
presented on the hydrographs in Appendix C. The water surface elevation contour maps 
representing the historical basin high and low periods are presented on Plate 13 - Historical 
Basin High and Low Water Surface Elevation. 
Analysis of water level records reveal some general trends. Water levels in the study 
area are generally shallow. Water levels in the area of Arroyo Seco Road to the Grantline are 
seasonally as shallow as 10 to 20 feet below ground surface (bgs). Greater depths to water are 
found in the Bench and upper portions of the cone where water can be as deep as 90 feet bgs. 
Basin high and low water surface elevation contour maps also show distinct differences that are 
primarily associated with seasonal pumping and recharge events. On the basin high contour 
map, it is evident that recharge is occurring along the Arroyo Seco and Salinas Rivers, that the 
overall gradient is to the northwest at approximately 0.001 to 0.002 foot per foot (ft/ft), and 
that a substantial pumping depression exists in the southeast portion of the study area (Tl8/R7-
Sec. 19). In the basin low contours, a distinct ground water ridge is apparent along the Arroyo 
Seco channel directly upgradient from the Salinas River confluence, becoming less pronounced 
upstream. No flow is documented in the Arroyo Seco or Salinas River for the period of 1991 . 
The ridge is, therefore, not the result of recharge but the distribution of extractions. Extensive 
pumping occurs east and west of the Arroyo Seco channel, whereas the area directly overlying 
and surrounding the Arroyo Seco channel is generally fallow and, therefore, has no irrigation 
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demand. Basin low contours in the southeastern study area exhibit a similar gradient slope and 
direction to basin high conditions. In contrast, a significantly shallower gradient is observed 
along the eastern basin margin during the basin low period when recharge from the Salinas River 
is absent. 
Recharge. Recharge to the ground water system in the study area is derived primarily 
from infiltration of the flow within the Arroyo Seco, supplemented to a minor extent by 
infiltration of rainfall. As evident in the water level contours presented, the dominate source 
is streambed infiltration that is manifest as a recharge mound underlying the river channel. 
Previous investigators have estimated the annual average volume of recharge from infiltration 
across the cone at 73,200 af (Durbin, 1978) to 93,600 af (Yates, 1988). Other investigators have 
estimated the volume at approximately 9,000 af per month (Harding and Bunte, 1957), the total 
being a function of the number of months of sustained flow. Rainfall in the study area is 
typically less than 10 inches per year and in most years results in limited, if any, deep 
percolation in the study area. 
Water Quality Data. The Agency provided inorganic water quality data from more than 
45 wells located throughout the study area. Water quality data are included in Appendix D of 
this report. Individual analyses consisted of major anions and cations and electrical conductivity 
(EC). The majority of these data were collected between 1977 and 1985. The most recent of 
these data, along with data from newly installed monitoring wells, were utilized to construct the 
EC contour map presented as Plate 14 - Water Quality. Because data collection dates range over 
several years and hence reflect different basin conditions, the contours represent some degree 
of interpretation and are intended to describe general areal trends. In general, contouring 
honored the available data with the following exceptions: a line source of 300 micromhos per 
centimeter was assumed for the water in the Arroyo Seco south of the Salinas River confluence 
to account for fresh water recharge in that area and the lack of data points along the river; and 
anomalous data points associated with shallow completions and presumably subject to high 
conductivity agricultural return flow were deleted from the data set. 
As displayed on Plate 14, ground water quality in the area (as indicated by measurement 
of EC) ranges from excellent to poor (368 to greater than 3,000 micromhos/cm). EC values 
generally increase away from the Arroyo Seco, supporting the dilution effects of seasonal 
infiltration of better quality water from this source. Ground water in the Bench area is generally 
more mineralized, reflecting the distance from the recharge source and the lack of flushing of 
low permeability soils by surface recharge in that area. East of the Arroyo Seco, EC values 
increase substantially over short distances. Several factors are likely responsible for this . 
Intensive agricultural activity provides highly mineralized return flow to the ground water 
system. In addition, the combined effects of easterly recharge from the Arroyo Seco and 
westerly recharge from the Salinas River result in the "ponding" of ground water between the 
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two recharge sources. The relatively flat gradient that occurs between the recharge areas inhibits 
the "flushing" of the mineralized return flow from this part of the aquifer. High EC waters east 
of the Salinas River are probably associated with a similar effect wherein easterly recharge from 
the Salinas River ponds up against the eastern basin boundary and is subject to high residence 
time, and hence higher EC. 
Aside from areal water quality distribution, vertical distributions were also assessed using 
well clusters installed at Los Coches and Hudson Road, as well as adjacent wells for which 
water quality and well completion data were provided. In general, wells completed near the 
surface were high in EC presumably due to high EC agricultural return flow. The opposite 
relationship was true in shallow wells adjacent to recharge zones where agricultural activity was 
absent. Mixed effects were observed in the Los Coches multiple completion (shallow, medium, 
and deep) wells . Although the well cluster is completed less than 1 mile from the Arroyo Seco, 
the shallow completion indicated higher EC than both deeper completions. Agricultural return 
flow from the surface is likely responsible. The middle completion was the lowest in EC and 
probably reflects fresh water recharge from the Arroyo Seco. The deeper completion exhibited 
a higher EC than the middle zone and likely reflects the vertical effects of dilution from 
recharge. The high EC (625 micromhos) result from a production well located just north of the 
Los Coches multiple-completion well is likely completed in the shallow aquifer zone and subject 
to the effects of agricultural return flow similar to the Los Coches shallow well. 
Ground and surface water in the Arroyo Seco Cone area display four chemically distinct 
water types: calcium bicarbonate, calcium sulfate, sodium sulfate, and sodium bicarbonate. Both 
the Arroyo Seco and Salinas Rivers are of calcium bicarbonate chemical character. Wells near 
the Arroyo Seco (within approximately 1 mile) are predominantly of calcium bicarbonate type, 
suggesting recharge by rapid infiltration of river water. However, water types become more 
variable a short distance to the east of the Arroyo Seco and near the confluence with the Salinas 
River, where four chemical types were encountered. This variability suggests a general lack of 
flushing and dilution compared to those areas along the Arroyo Seco and reflects contributions 
of agricultural return flow. 
Surface Water Spreading 
General Statement. The potential Arroyo Seco Cone project is a "water-banking" 
alternative. Flow above that which would naturally infiltrate on the cone and which would 
otherwise be lost to the ocean would be diverted to off-stream areas for artificial recharge. As 
conceptually presented in the Reconnaissance Report prepared by the Agency, the project would 
include the development of between 100 and 1,000 acres of spreading basins adjacent to the 
Arroyo Seco channel. Water would be diverted into these basins and allowed to infiltrate. It 
has been assumed by previous investigators that divertable flows are typically available over a 
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3-month period (January through March). The theoretical annual yield of such a project has 
been estimated to be approximately 22,000 acre feet; the amount that could actually be diverted 
being a function of the type of diversion structure utilized. Much of the excess flow from the 
watershed occurs as flood flow. The ability to capture flood flows would require a significant 
diversion structure. Best operation practices could dictate that these flood flows be by-passed 
and that diversion would be limited to excess base flows that are lower in suspended solids; 
however, this would likely reduce the project yield substantially. 
Regardless of how diversion and spreading operations are undertaken, the conceptual 
project involves allowing the diverted water to infiltrate into the ground water system and be 
stored for extraction during the following months. Extraction would be through a series of wells 
that would export water to areas within the Salinas Basin that have deficit supply. 
Similar Operations. Artificial (in- and off-stream) recharge has been practiced 
successfully in California for over 60 years. Such recharge strategies are employed to improve 
water quality, maintain regional ground water levels, and abate seawater intrusion. A summary 
of ongoing artificial in- and/or off-stream recharge facilities in California and their respective 
operating information is presented in Table 3 - Similar Spreading Operations. 
Table 3. Similar Spreading Operations 
Northern California 
Santa Clara Santa Clara Valley/Controlled Input Valley Water 0.23 to 1.2 
District 
Niles Cone/Alameda Creek and Alameda 
State project water Flood Control 0.3 
District 
Southern California 
Ventura Basin/Santa Clara United Water 
River Conservation 3 
District 
South San Joaquin/Kem River Kem County 0.27 to 1.9 
Los Angeles Basin/Santa Ana 
1.1 to 1.5 River and State project water Orange County 
5 to 80 
20 
60 
65 
0 to 10 
<10 
NTUs 
20 to 200 
NTUs 
330 ( +90 
miles of 
stream 
bed) 
350 
290 
1350 
800 
157,700 12 months 
21,000 variable 
40,000 variable 
85,000 6 months 
26,000 
( +/-) 3 months (storm 
flow only) 
Experience at these and other facilities suggests that the effectiveness of spreading basins 
as a method of artificial recharge is a function of several variables. The more important of these 
variables are a dependable source of suitable quality water, the permeability of the soils 
underlying the spreading operation, sufficient space in the aquifer to allow for the storage of the 
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introduced water, and the ability of the aquifer to transmit water away from the spreading 
operation rapidly enough such that introduced water does not fill available storage. Under 
certain conditions, any of these variables can control the success of the spreading operation. 
Previous studies of the feasibility of spreading in the project area included permeability 
testing of area soils and concluded that soils in the project area were highly permeable and were 
suitable for the spreading operations. The Harding and Bunte (1957), MCFCWCD (1968), and 
Wahler (1971) reports all confirmed these findings, but each cautioned that the available storage 
in the aquifer was limited and that the feasibility of spreading would be limited by the horizontal 
permeability of the aquifer materials. The Wahler (1971) report also concluded that as a result 
of the extremely flashy nature of the Arroyo Seco discharge, the most effective spreading project 
would be supported by a reservoir in the Arroyo Seco Canyon that could decrease the variability 
of flows and extend the spreading period. 
In this investigation, we included a review of all the significant factors controlling the 
feasibility of spreading: soils, infiltration rate, hydrology, seasonal storage, and natural 
infiltration. Particular attention, however, focused on the response of ground water levels to 
spreading and the determination of the horizontal permeability of the aquifer materials. These 
factors previously had not been formally assessed and had been identified as possible limitations 
to the effectiveness of a spreading operation. Because of the limited volume within the 
unsaturated portion of the aquifer between the water table and ground surface in the area, the 
ability to rapidly redistribute the infiltrating water horizontally (the transmissivity of the aquifer 
materials) is critical. If the aquifer is not capable of transmitting water horizontally at a rate 
equal to the recharge rate, a mound will develop below the recharge basins. If water levels rise 
to equal spreading basin elevations, the rate of recharge can be reduced significantly. If 
hydraulic connection between pond bottom and aquifer is established, recharge rate is then 
controlled by the lateral gradient rather than gravity infiltration rate. Additionally, mounding 
that approaches ground surface may result in rising water in areas of lower elevation and locally 
saturated conditions in the root zone. 
Soil Conditions. The soil types and properties throughout the study area have been 
described and documented by the Soil Conservation Service (United States Department of 
Agriculture [USDA], 1978). These data have also been incorporated into the Agency's GIS 
database. Table 4 - Summary of Soil Types, provides a brief description and aerial extent of 
each soil type found in the study area and contains information regarding the hydraulic properties 
of each soil type. The distribution of soils throughout the study area is presented on Plate 15 -
Soils in the Project Area. 
As shown on Plate 15, the soils in the study area occur within three distinct regimes: the 
active Arroyo Seco channel, the elevated floodplain east of the active channel, and the floodplain 
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west of the active channel. Soils within the active channel are relatively undeveloped, exhibit 
rapid permeability, and occur in recent, stratified deposits of sand, gravel, and cobbles. The 
predominant soil types in the study area east of the active channel on the elevated flood plain 
are the sandy, gravelly loams of the Arroyo Seco and Elder Series. These soils are formed in 
alluvium derived from both granitic and sedimentary sources, moderately developed to depths 
of approximately 3 to 4 feet, typically contain gravel and cobbles below depths of approximately 
2 feet, and have moderate to rapid permeabilities. In the floodplain immediately west of the 
active channel, the predominant soil type is the Tujunga fine sand. This soil is relatively poorly 
developed and exhibits rapid permeability characteristics. Further to the west of the active 
channel, the predominant soil types are comprised of sand, loam, and silt, and are included in 
the Metz Series. These soils are typically poorly to moderately developed, and permeability is 
generally moderate at the surface, becoming rapid at depths below 48 inches. As shown in 
Table 4 the infiltration rate of the predominant soil types present throughout the study area 
display infiltration capacities in the range of 0.6 to 20 inches per hour, or 1.2 to 40 feet per day 
(ft/d). All of the soils in the project area are considered excellent for the establishment of 
spreading operations. 
P, 
P, 
F. 
E.A 
A.A 
Psamments and Fluvents 
frequently flooded 
Psamments and Fluvents 
occasionally flooded 
Stony Fluvents 
Tujunga fine sand 
Metz fine sandy loan 
Metz loamy sand 
Metz complex 
Elder sandy loam 
Arroyo Seco gravelly, 
sandy loam 
Table 4. Summary of Soil Types 
649.95 Active channel' ; unweathered, stratified 
183.36 
42.32 
653.18 
691.98 
300.78 
666.22 
1,265.74 
481.10 
sand, gravel and cobbles 
Active channel 1; unweathered, stratified 
sand, gravel and cobbles 
Active channel;. 25 to 50 percent gravel 
and cobbles 
Adjacent (west) to main channel 
West of T J3 and main channel; formed in 
alluvium derived sedimentary rocks 
West of T J3 and main channel; formed in 
alluvium derived sedimentary rocks 
West of T J3 and main channel; formed in 
alluvium derived sedimentary rocks 
Predominant soil type on flood plain east 
of active channel 
Flood plain east of active channel 
Active channel of Arroyo Seco 
>20.0 (Psamments) 
> 6.0 (Fluvents) 
>20.0 (Psamments) 
>6.0 (Fluvents) 
>2.0 
6.0 to 20.0 
2.0 to 6.0 (0 to 12 inches) 
0.6 to 2.0 (12 to 99 inches) 
6.0 to 20.0 (0 to 12 inches) 
0.6 to 2.0 (12 to 99 inches) 
2.0 to 20.0 (0 to 12 inches) 
0.6 to 2.0 (12 to 99 inches) 
0.6 to 2.0 (0 to 52 inches) 
6.0 to 20.0 (52 to 73 inches) 
2.0 to 6.0 
Infiltration Testing. Infiltration testing was performed to verify the infiltration rates 
documented in previous studies and to collect data on the aquifer response to spreading in order 
to assess the validity of the assumptions regarding the ability of the aquifer system to rapidly 
move water laterally. The infiltration test program consisted of the construction of a test pit and 
four observation wells to monitor the aquifer response. The test was performed for a period of 
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approximately 7 days during which data on water table response, changes in the moisture content 
in the soils underlying the pit, and the infiltration rate were collected. Complete documentation 
of the infiltration testing program is presented in Appendix E - Infiltration Testing. 
The data from the infiltration testing documented a sustained infiltration rate of 
approximately 15 feet per day (ft/d). This value is consistent, if not higher, with values 
published by SCS and with previous investigations. The testing program also documented that 
infiltration takes place under unsaturated flow conditions with limited lateral spreading of 
infiltrating water. Data from the infiltration test program documents mounding of the ground 
water surface underlying the infiltration test pit to be greater than would be estimated utilizing 
conventional analytical models and assumed aquifer parameters. The analysis suggests that the 
localized rise or mounding of the ground water table underlying a spreading basin, rather than 
the infiltration rate, would be the limiting factor in the design of an artificial recharge program 
in the area. 
Seasonal Aquifer Storage Capacity. Utilizing the Agency's GIS application, the volume 
of unsaturated aquifer materials between the historical water level contours for the basin high 
and basin low periods and the Arroyo Seco "thalweg" was calculated. "Thalweg" refers to the 
longitudinal profile along the lowest elevation of the stream channel. During periods of high 
water level, approximately 89,000 af of storage is available assuming that the water could be 
uniformly distributed across the study area. During periods of basin low, the storage space 
available increases to approximately 213,000 af. These estimates assume a specific yield of 17 
percent based upon the weighted average of the specific yield of the sediments encountered in 
the cone area. 
Hydrology. Essential to the operation of a successful artificial recharge operation is the 
availability of water for diversion on a long-term basis. In terms of the conceptual project, this 
would be the average excess amount of water that leaves the cone area as continuous surface-
flow to the Salinas River. Previous analysis of the available records has resulted in a mean 
annual discharge from the watershed of approximately 120,000 af. However, over the period 
of record, annual flow has varied from 15 to 273 percent of the mean. 
Quantification of the amount of flow that could be diverted is difficult due to the lack of 
available data. Historical streamflow data are only available for the gaging stations upstream 
of the project area. The closest gage is the USGS gage located in the mouth of the canyon at 
the Green Bridge ("near Soledad Gage") for which records are available since 1902. No records 
are available for the downstream reach from this gage to the confluence with the Salinas River. 
Therefore, the volume and timing of flow in Arroyo Seco in the project area is poorly 
documented. 
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Occurrence of Continuous Surface-Flow. Limited data are available to quantify the 
frequency of flow to the Salinas River. Previous investigations (Harding and Bunte, 1957; 
MCFCWCD, 1968; Wahler, 1971) suggested that continuous flow occurs after several days of 
flows of at least 500 cubic feet per second (cfs) at Middle Bridge and that flow is sustained to 
the Salinas River if at least 150 cfs is passing Middle Bridge. 
The available data on the occurrence of flow to the Salinas River are limited to 
observational data collected by the Agency downstream of the project area on the Arroyo Seco 
at Lower Bridge since 1964. These data consist of Agency personnel observations on the 
duration of flow, condition of the channel, and visual estimates of flow. Given the channel 
characteristics at the Lower Bridge, the data are not considered adequate for determining the 
volume of flow at Lower Bridge, but do document the occurrence of continuous flow to the 
Salinas River. These observations are summarized in Table F-1 - Monterey County Water 
Resources Agency Arroyo Seco Observations, found in Appendix F. 
The observation data were utilized to attempt to develop a rough understanding of the 
volume and duration of flows required at Middle Bridge to establish flow past Lower Bridge and 
to the confluence. Review of available gage and observational data reveal that several days of 
flows of 500 cfs are not necessarily required to establish continuous flow to the Salinas River. 
For example, on February 7, 1994, flow was established through to the Salinas River when flow 
at Middle Bridge had been approximately 35 cfs several days prior. Flow was established on 
February 7 with a daily mean discharge of 676 cfs. The available data do, however, support 
the observation that flows of at least 150 cfs are required at Middle Bridge in order to maintain 
flow once established. These data suggest that previous estimates of how many days a year the 
Arroyo Seco flows through to the confluence may be low. However, the conditions under which 
continuous flow occurs are likely variable and are influenced by many factors including 
antecedent soil moisture conditions, storm intensity and duration, and channel conditions. 
The available data do allow some limited analysis of the nature and variation of flow 
within the Arroyo Seco. Flow duration tables for the period of record from the USGS near 
Soledad gage (Middle Bridge) were reviewed in order to analyze the magnitude, duration, and 
frequency of flows in the Arroyo Seco. The average annual discharge of the Arroyo Seco past 
Middle Bridge is estimated at 120,000 af (MCWRA, 1992). Analysis of water years when 
annual discharge approximated average discharge were performed (1904, 1922, 1935, and 1942) 
to estimate the distribution of flow throughout the season. Review of available data from these 
years reveals that between 24 percent (29,000 at) and 55 percent (66,000 at) of the annual 
discharge (120,000 at) occurs during flow events with mean daily discharges in excess of 1,500 
af per day. Further review of available gage data reveals that up to 10 percent of annual 
discharge can pass the Middle Bridge gage in one day, 25 percent in 1 week, and up to 60 
percent in 1 month. 
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The analysis above suggests that, although previous investigations have estimated 
uncaptured flow to be on the order of 50,000 af per year (Wahler, 1971; MCWRA, 1993), a 
large portion of the annual discharge passes as flows that may be difficult to divert, store, and 
infiltrate, due to the "flashy" nature of the stream flow. 
Assuming a conceptual design for a diversion structure and spreading works on the 
Arroyo Seco capable of diverting 1,500 af per day and utilizing an area of 600 acres, diversion 
and infiltration of this volume of water would rapidly fill aquifer storage beneath the basins, 
restricting the infiltration of additional water diverted on subsequent days. Analysis of gage 
records suggests that as many as 23 days a year have flows in excess of 1,500 af. With the 
assumed discharge structure, flow in excess of 1,500 af/day would have to be bypassed reducing 
the yield of the project. If the diversion structure was increased in capacity, the spreading basin 
area would need to be accordingly increased to allow for spreading and storage. The data 
suggested that, although an average of 50,000 af per year has been estimated to be available for 
spreading and recharge operations, much of this volume passes during events when flow exceeds 
the diversion capacity of a cost-effective diversion structure and spreading basin area. 
Ana/.ysis of Recharge Event of February-March 1994. 
Hvdrology. The precipitation that occurred in January and February provided the 
opportunity to observe streamflow and the response of the aquifer system to infiltration in the 
Arroyo Seco. Flow was observed in the Arroyo Seco north of Thorne Road for a period of 
approximately 3 weeks. During this period, additional Arroyo Seco flow data were collected 
and documented by SGD and by Biosystems Inc. , who were under separate contract with the 
Agency for environmental studies. Biosystems conducted a series of five transects along the 
river between Hudson Road and the confluence. For the flow event of February 7 through 
February 12, 1994, flow measurements were taken on February 9 through 11, 1994. Transect 
locations are shown on Plate F-1 - Transect Location Map, and the collected data are 
summarized in Table F-2 - Transect Data, Biosystems, Inc. 
Analysis of these data reveal that streamflow losses are greater earlier in the event than 
later on in the event. On February 9, 1994, a flow of 83.1 cfs was documented at transect 
No. 4. Utilizing the USGS gage record and a downstream travel time estimate developed by 
the Agency (1982) of approximately 4.3 miles per hour, a corresponding discharge at Middle 
Bridge of 280 cfs was estimated. This results in a loss of approximately 197 cfs or 19.0 cfs per 
mile of river channel. Similarly, on February 10, 1994, losses to transect No. 3 and No. 5 were 
estimated at 73.1 cfs and 126.9 cfs, or 10.1 cfs per mile and 11.3 cfs per mile, respectively. 
On February 11, 1994, losses were estimated to Transect No. 1 and No. 2 of about 44.2 cfs and 
53.4 cfs, or 7.4 cfs per mile and 8.2 cfs per mile of channel, respectively. The decline in rate 
of streambed losses due to infiltration reflects the initial filling of empty pores within sediments, 
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after which flow moves through under saturated or semi-saturated conditions. The observed loss 
rates are consistent with the values estimated by Harding and Bunte (1957) and Wahler (1971) 
as part of previous studies. 
From the streamflow loss per mile of channel values obtained during the 3 days, an 
average value of about 285 af per day (af/d) of infiltration was estimated along the reach from 
Middle Bridge to the confluence. Of this amount, approximately 185 af/d was estimated to be 
lost from the channel between Thorne Road and the confluence (see computations in Appendix 
F). The Arroyo Seco was estimated (from field observations and precipitation data) to have 
flowed to the Salinas River for about 17 days. Based on the above infiltration rates, an 
estimated 4,850 af was recharged to the aquifer in the reach from Middle Bridge to the 
confluence and approximately 3, 150 af from Thorne Road to the confluence during this 17-day 
time interval. These values are consistent with the loss rate of 9,000 af per month estimated by 
Harding and Bunte (1957). These values are also consistent with the observed water level 
response discussed below. 
Aquifer Response. Flow in Arroyo Seco below Thorne Road began on February 7, 
1994, and continued until approximately March 31, 1994. Flow was maintained to the Salinas 
River from February 7 to 11, 1994, and from February 17 to 27, 1994. During this period, 
water level data were collected from the monitoring wells completed as part of the investigation 
and observations of flow were made by SGD and Agency staff. In addition, data from the 
USGS gage at Middle Bridge were compiled and reviewed. These data were utilized to 
document and roughly quantify the regional water level response and the localized mounding of 
water levels near the Arroyo Seco channel in response to the flow event. 
Water level data were collected from three monitoring wells: the so-called Martin's West 
monitoring well, Martin's South monitoring well, and the Agency's Hudson Road shallow 
monitoring well, all of which are approximately in a line roughly perpendicular to the river as 
shown on Plate B-1. Water levels were collected prior to, during, and following the flow event 
during the period November 15, 1993, to March 21, 1994. The configuration of the water 
surface at various times during this period is presented on Plate 16 - Water Surface Elevations, 
Recharge Response to Arroyo Seco Flow. During the period of November 1, 1993, to 
January 11, 1994, the water surface elevation rose approximately 2 to 3 feet. During this 
period, the area received only approximately 1.15 inches of precipitation and the Arroyo Seco 
did not flow past Thorne Road. The rise in water levels during this period is considered to be 
primarily due to a decline in pumping, and regional recharge resulting from infiltration of 
streamflow on the upper portions of the cone. During the period of January 11 to February 16, 
1994, the water surface elevation rose an additional 3 to 4 feet in each of the wells, during 
which approximately 2.26 inches of rain fell on the area and the Arroyo Seco flowed past 
Thorne Road. The rise in water levels during this period is believed to reflect the regional 
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effects of infiltration of flow from the Arroyo Seco and possibly some minor component of areal 
recharge. During the period of February 16 to March 11, 1994, water levels rose 9.0, 6.9, and 
4.7 feet at Martin's West monitoring well, Martin's South monitoring well, and Hudson Road 
shallow monitoring well, respectively. Approximately 2.1 inches of rain fell and the Arroyo 
Seco flowed through to the Salinas River during this period. The differential rise in water levels 
during this period reflects the mounding associated with the localized recharge from the 
riverbed. 
In response to flow in Arroyo Seco for a period of 17 days, localized water level rises 
of approximately 9.0 feet (approximate 18 feet below streambed elevation) at a distance of 600 
feet from the channel were observed, falling to approximately 24 feet below streambed elevation 
after flow in Arroyo Seco ceased. This observed mounding adjacent to the channel is consistent 
with a report from a landowner adjacent to Arroyo Seco (Ventana Vineyards) of the flooding 
of a depression on the owner's property approximately 1,000 feet from the channel during 
periods of sustained flow. During the recent flow event, this depression was monitored, 
although no flooding was observed. Based on the topographic map, the bottom of this 
depression is approximately 5 feet below the adjacent streambed. Flooding of this depression 
likely occurs when a larger recharge mound develops resulting from a longer period of flow. 
The relationship between streamflow and water levels is particularly evident in the water 
level record from the recently constructed Thorne Road monitoring well, which is presented as 
Plate 12. Presented on this plate is the continuous water level data in the shallow completion 
for the period of November 1993 through mid-March 1994. Also presented is the daily average 
flow through the Middle Bridge gage. The water level data show approximately 25 feet of water 
level recovery in response to runoff through the Middle Bridge gage. Review of these data 
shows a rapid and direct response to flow in the Arroyo Seco. Water levels in early November 
1993 are relatively stable and begin to rise in response to the first significant flow through the 
gage. A change in slope of the water level record is apparent for each subsequent runoff event 
until the February 7, 1994 event, the time at which continuous flow to the Salinas River was 
established. After continuous flow was established, additional discharge through the gage has 
no visible effect on water level response. 
Estimated Recharge. The water level observations data from the study area were utilized 
to roughly approximate the magnitude of recharge from the Arroyo Seco during the period. The 
estimate was made in two components. First, the volume of water in the mound underlying the 
river was estimated. This value was then added to the observed recovery of water levels in 
wells at a distance from the Arroyo Seco. The mound is considered representative of direct 
river recharge, the regional recovery being considered the result of redistribution of the mound 
over time and regional recharge. Due to difficulty in distinguishing between the effects of 
regional water level recovery resulting from a relaxation of pumping stresses (cessation of 
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irrigation), areal recharge from precipitation, and the effect of direct recharge from the river, 
the stabilized water level following the flow event was utilized as a baseline water level. The 
cross-sectional area of the mound was, therefore, considered to be the difference in water 
surface elevations between the peak water level measured while the river was flowing 
(March 11, 1994) and the baseline water surface elevation (March 21, 1994). 
The volume of water within the observed recharge mound was calculated as the volume 
of a prism across the distance from Thome Road to the confluence of the Arroyo Seco and 
Salinas River (approximately 7 miles) and out approximately 1,200 feet on either side of the 
center of the river, multiplied by the average specific yield of the aquifer (approximately 17 
percent). The resulting volume of water is approximately 1,990 af or 284 af per mile of river 
(see computations in Appendix F). This volume represents the volume of water within the 
observed mound below the river. This estimate does not include the continuous flow, as the 
mound decays and water levels in the area consequently increase. The regional water level data 
suggests an apparent general increase in water levels of approximately 7 feet since the beginning 
of the 1993-1994 water year in Arroyo Seco. Assuming this represents the general increase 
within the entire cone area of approximately 35,000 acres, this increase in water level would be 
approximately 41,600 af. However, it is considered unlikely that this water level increase was 
observed across the entire area. The total observed recharge is considered to be that volume of 
water within the mound and the apparent area-wide increase in water level. This is estimated 
to be on the order of 40,000 af. 
Based on the above information, approximately 5,000 af can be attributed to direct 
infiltration from the Arroyo Seco over the 40-day period from November 15, 1993, to 
March 21, 1994, when flow extended to the confluence. The remaining volume ( -35,800 at) 
likely results from a combination of factors including: direct recharge of Arroyo Seco flows that 
infiltrate before reaching the project area, regional inflow from upgradient areas, and areal 
recharge. Review of Middle Bridge gage data reveals that roughly 20,000 af passed the gage 
during the periods when continuous flow to the Salinas River did not occur and, therefore, 
infiltrated into the cone. The remaining 15,000 af can be attributed to a combination of regional 
inflow from upgradient areas and areal recharge. These estimations are intended only to 
represent a rough accounting for the various components of recharge in the study area and 
should be considered only approximations based on limited data. 
Project Feasibility Analysis 
The collected data and analysis were integrated into a simple numerical ground water 
model for the purpose of objectively evaluating the feasibility of the potential project. Aquifer 
geometry and parameters utilized for the modeling were derived from the field work performed 
as part of this and previous investigations. The modeling efforts were for the purpose of 
77AIO-RPT2.APR 
- 27 -
April 1994 
Project No. 93-71-1480 
assessing feasibility, and not intended to replace the larger basin-wide model of the Salinas Basin 
recently developed by the Agency. Minimal effort was expended to calibrate this project-
specific model because the effort focused on the assessment of the magnitude of the ground 
water fluctuations that could be expected from various operation scenarios, not the precise 
prediction of water level elevations. It is assumed that, when the scope of the project becomes 
more finalized, the larger basin-wide model will be utilized. 
The assessments were performed to evaluate the area-wide effects of the cyclic recharge 
and extraction in the area under several operating conditions. The operation scenarios evaluated 
consisted of spreading of approximately 25,000 af of water in the project area at a uniform rate 
over a period of 3 months (spreading works throughput of approximately 140 cfs). Extraction 
of an equivalent amount of water was assumed to take place at a constant rate over the following 
9- to 12-month period. Various spreading basin configurations, recharge rates, and well 
distributions and extraction schedules were evaluated. 
The results of the assessments suggest that spreading 25,000 af over a 3-month period 
in the project area concurrently with natural infiltration from Arroyo Seco likely would not be 
feasible. Spreading feasibility is limited primarily by the rate that the aquifer system can 
transmit water away from the spreading basins and the shallow depth to water resulting in 
limited storage. These factors are particularly limiting when coupled with the short duration of 
time that divertable flow is available from the Arroyo Seco, and the necessity to divert and 
recharge water as rapidly as possible. 
The analysis of the various operational scenarios did reveal an operational scenario that 
would make the potential project successful. This scenario would overcome the limitations of 
mounding by the creation of aquifer storage, prior to spreading, through the regional lowering 
of water levels in the area. This regional lowering of water levels would need to operate as a 
"take and put" operation with extractions preceding the annual runoff events. The extractions 
would need to be of a magnitude sufficient to lower the water table in the project area creating 
space within the aquifer for mounding and storage of infiltrating ground water. Preliminary 
assessment suggests that this would require the extraction of approximately the project yield over 
a period of 6 months. 
Alternatively, the potential project would be feasible if the duration of spreading 
operations could be extended. The extension of the spreading period would overcome mounding 
limitations by spreading the same volume of water over a longer period of time. Extending the 
spreading period would require the development of some type of control structure in the upper 
portions of the Arroyo Seco. 
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CONCLUSIONS AND RECOMMENDATIONS 
General Statement 
A project to capture excess seasonal flows from the Arroyo Seco watershed has been 
discussed for almost a century. Several reservoir projects have been proposed as well as surface 
water spreading operations for ground water recharge. The development of a surface water 
spreading program to recharge ground water in the area would allow the conjunctive use of the 
surface and ground water supplies thereby maximizing the beneficial use of both sources. This 
investigation focused on establishing the hydrogeologic setting of the area of the Arroyo Seco 
Cone and establishing the nature of the interaction of ground and surface water in the area. The 
findings of this investigation were integrated with existing data regarding the Arroyo Seco Cone 
with the intent of evaluating the feasibility of establishing a spreading operation and a system 
of pumping wells in the area. 
Based on the results of the work performed, it is our conclusion that although the surface 
conditions of the Arroyo Seco Cone appear ideal for the development of a spreading operation, 
the feasibility of the spreading operation is limited by several factors: 1) discharge from the 
Arroyo Seco is extremely variable and, as such, the water that is available for diversion and 
spreading is typically available in large volumes over very limited periods; 2) ground water 
levels in the project area are relatively shallow and aquifer storage is limited, since the ground 
water reservoir is already full; 3) although infiltration rates are not limiting and aquifer 
parameters are relatively high, the recharge of water at the required diversion rates will exceed 
the ability of the aquifer to redistribute water and will result in rapid mounding below spreading 
basins, which would limit recharge rates unless storage space is made available by pumping; and 
4) during periods of divertable flow, available storage in the area underlying and proximate to 
the river is filled by natural infiltration and a recharge mound below and flanking the channel 
for a significant distance develops. This mound reduces available aquifer space and would 
impact operations of spreading basins developed adjacent to the river channel. Because of these 
factors, it is considered that a spreading operation that consisted only of the spreading of 
divertable flows from Arroyo Seco would only be marginally successful in increasing yield from 
the Arroyo Seco Cone. 
Although, the study area is not particularly suited for development of a simple spreading 
operation, a successful project could be developed if the project included an operational 
component that would create and maintain aquifer storage in the project area. This could be 
achieved through an extraction program that would maintain ground water levels at a specified 
level. The maintenance of ground water levels at a specified level would assure the availability 
of subsurface storage space for the infiltration of Arroyo Seco water, when available. 
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Alternatively, it would be feasible to develop an effective recharge enhancement project 
on the Arroyo Seco through the use of a small retention structure on the upper portion of Arroyo 
Seco to control the extreme variations in flow in Arroyo Seco and extend the spreading period 
to 6 months rather than the assumed 3. 
Hydrogeology 
The data review, field exploration, aquifer testing, and analysis resulted in an increased 
understanding of the hydrogeology of the Arroyo Seco Cone area. Field work included 
monitoring well construction, data collection, aquifer testing, streamflow measurements, and 
observation and infiltration testing. 
Hydrostratigraphy. Field exploration and well log data analysis confirmed that the 
geologic materials that comprise the upper 500 feet of aquifer system of the cone area consist 
of a generally unconfined sequence of interfingered alluvial fan deposits consisting predominately 
of mixtures of sand and gravel with minor interbeds of clay. Stratigraphy in the area is poorly 
developed, consisting primarily of lenticular deposits of limited areal extent that cannot be 
correlated from well log to well log. Oil well and gravity data suggest that these alluvial 
deposits are underlain by a thickness of Plio-Pleistocene to Miocene sedimentary rocks. These 
deposits are currently not utilized for water supply in the study area. Basement is assumed to 
be Santa Lucia granite and is considered to be at a depth of approximately 2,000 feet. Alluvial 
materials of the Arroyo Seco Cone interfinger with Salinas River deposits to the north and east. 
To the south, the Arroyo Seco Cone interfingers with the Monroe Cone. The Reliz Canyon fault 
system bounds the western portion of the study area and positions Miocene-aged sediments 
against alluvial deposits that comprise the Arroyo Seco Cone and constitutes a barrier to ground 
water flow. 
Water Quality. Water quality data from the study area reveals significant variability in 
ground water quality. Ground water directly influenced from recharge from Arroyo Seco is of 
excellent quality with average electrical conductivity values of 350 umhos/cm. Quality 
diminishes with distance from source of recharge. Water quality in the eastern and northeastern 
portion of the ground water basin are particularly poor with electric conductivity values as high 
as 3,500 umhos/cm. It has been suggested that the differences in water quality in this area are 
the result of a barrier to east-west ground water flow in the area. No hydrogeologic data are 
available that suggest an east-west ground water flow barrier exists in the study area to account 
for these differences in water quality. The available ground water chemistry data from this 
portion of the basin suggests that the ground water is impacted by agricultural return flow. 
Water level data reveal an extremely flat ground water gradient in the area. It is believed that 
the observed poor ground water quality in this area is the result of the accumulation of 
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agricultural return flow in an area with minimal flushing of the ground water basin due to the 
flat gradient. 
Development of spreading operation in the area could effect the local ground water 
gradient. Depending on the operations of the project, the gradient in the area could be steepened 
or possibly reversed. Either of these effects would likely serve to induce additional ground flow 
in the area of poor water quality and would likely result in improved water quality. The effects 
on ground water quality should be included in future simulations of various operation scenarios. 
Water Level. Analysis of water level records from selected wells in the study area 
reveal that water levels in the study area are generally shallow. Water levels in the area of 
Arroyo Seco Road to the Grantline are seasonally as shallow as IO to 20 feet bgs. Greater 
depths to water are found in the Bench and upper portions of the Arroyo Seco Cone where water 
can be as deep as 90 feet bgs. Average seasonal fluctuations in water surface is approximately 
30 to 50 feet, depending on proximity to the Arroyo Seco. Observed seasonal water table 
fluctuations have been as great as 60 feet when a sequence of dry years are followed by an 
average to wet year. 
Available Storage. Utilizing specific yield of 17 percent, the volume of water in storage 
in the Arroyo Seco Cone to a depth of 150 feet (recoverable storage) is estimated to fluctuate 
from between 679,000 to 803,000 af and average 741,000 af for the 35,154-acre study area. 
Total aquifer storage between the basin high and low water levels within the study area is 
estimated at 124,000 af or an average of approximately 3.5 af per acre assuming that water 
could be uniformly distributed and water levels could be increased to the thalweg of the Arroyo 
Seco. 
Aquifer Parameters. Previous investigations into the feasibility of spreading operations 
in the Arroyo Seco Cone area had assumed that the horizontal transmissivity of the aquifer 
system would be sufficiently high to transmit the infiltrating water. Data collected as part of this 
investigation suggest an average value for aquifer transmissivity of approximately 300,000 gpd/ft 
for the project area. This value, while relatively high, is not sufficiently high to prevent 
significant mounding of the ground water table below spreading basins. The mounding in the 
presence of shallow ground water limits the feasibility of the potential project. 
Natural Recharge. The potential project will supplement existing ground water recharge 
by diverting Arroyo Seco flow to off-stream spreading basins to allow for the percolation of 
water that would otherwise flow into the Salinas River and, under stormflow conditions, into the 
Pacific Ocean. Recharge in the Arroyo Seco Cone area is almost entirely infiltration of stream 
flow . The average annual amount of infiltration that occurs within the natural streambed under 
natural conditions has been previously estimated at between 73 ,200 and 93,600 af. Other 
77AIO-RPT2.APR 
- 31 -
April 1994 
Project No. 93-71-1480 
estimates have suggested 9,000 af per month, the total being a function of the number of months 
of flow. Based on the limited hydrologic data collected as part of this investigation, the latter 
value seems the most reasonable. 
The precipitation events of February 1994 provided the opportunity to observe the onset 
of Arroyo Seco flow across the Arroyo Seco Cone, the advancement of flow through to the 
Salinas River, and the recedence of flow toward the middle and upper portions of the Arroyo 
Seco Cone. The precipitation events and the monitoring wells completed as part of this 
investigation provided the opportunity to directly observe the nature and magnitude of the 
response of the aquifer system to this recharge. 
Analysis of the recharge event of February and March provided significant understanding 
of the aquifer systems response to flow in the Arroyo Seco. Losses due to infiltration along the 
Arroyo Seco from Middle Bridge to the confluence during the 17 days of continuous-flow to the 
Salinas River are estimated at approximately 285 af/d. Total volume of water infiltrated is 
estimated at 4,850 af. Data from the Thorne, Hudson, and Los Coches monitoring wells reveal 
the development of a significant recharge mound in response to recharge. Water levels increased 
as much as 25 feet at a distance of 1,000 feet from the channel in response to flow in the Arroyo 
Seco. Water levels in all of the monitoring wells increased approximately 9 feet during the 
winter months in response to a drought year discharge through Middle Bridge. The development 
of an areal extensive mound in response to natural infiltration during a year of deficient runoff 
suggests that, during years with significant divertable flow, the performance of spreading basins 
adjacent to the existing channel would be rapidly impacted by high water levels resulting from 
natural streambed infiltration. The occurrence of the areal extensive mounding is further 
evidenced by anecdotal reports from landowners of flooded depressions on properties adjacent 
to the channel during periods of extended flow. 
Hydrology 
The potential project would capture flow in excess of the natural infiltration of the cone, 
flow that would otherwise flow to the Salinas River and, during winter storm events, flow to the 
Pacific Ocean. The annual average discharge of the Arroyo Seco has been estimated at 120,300 
af and the average excess flow at 50,000 af. It has, therefore, been suggested that the difference 
could be captured, diverted, and utilized for recharge. However, the Arroyo Seco is an 
extremely "flashy" river, one in which surface flow responds rapidly to precipitation inputs, with 
rapid declines in flow volumes following storm peaks. Analysis of flow records show that 
although the average annual discharge is 120,000 af, annual discharge has historically ranged 
from 15 to 273 percent of this mean. Review of the available gage record reveals that it is not 
uncommon for 10 percent of the annual discharge to pass the gage in 1 day, 25 percent in a 
week, and 60 percent in a month. 
77 A \O-RPT2.APR 
- 32 -
L 
1 
April 1994 
Project No. 93-71-1480 IGD 
Previous studies have suggested that the natural infiltration rate of the Arroyo Seco Cone 
is 150 cfs and when flow exceeds this amount, there is continuous flow to the Salinas River. 
Based on analysis of stream gage records, it has been estimated that flow in the Arroyo Seco 
exceeds 150 cfs, on average, approximately 20 percent of the year (73 days). However, the 
gage record also shows that in many years as many as 23 of the days with greater than 150 cfs 
have flow in excess of 1,500 af/d and that during average years between 24 and 55 percent of 
annual discharge can pass during periods when flow exceeds 1,500 af/d. Given the flashy nature 
of the discharge from the Arroyo Seco watershed, to successfully capture the projected yield, 
the diversion works for the potential project would have to be able to divert during stormflows 
and associated basins would need to be sized to hold the significant volumes that would be 
captured over short periods. The diversion of stormflows would also mean possible diversion 
of water with significant suspended solids that would slow infiltration rate and increase basin 
maintenance costs. 
Spreading Feasibility 
The effectiveness of spreading basins as method of artificial recharge is a function of 
several variables. The most important of these variables is a dependable source of suitable 
water, the permeability of the soils underlying the spreading operation, the existence of sufficient 
space in the aquifer system to allow for the storage of the introduced water, and the ability of 
the aquifer to transmit the water away from the spreading operation rapidly enough that 
introduced water does not utilize all available storage below the basin. Under certain conditions 
any of these variables can control the success of the spreading operation. 
Infiltration tests performed as part of this and previous investigations confirmed that the 
infiltration rate of the soils underlying and flanking the Arroyo Seco are extremely high, 
exceeding 12 feet per day. Soils mapping revealed that in excess of 2,000 acres of project area 
proximate to the river channel are underlain with soils displaying similar permeabilities. Based 
on the data and the field work, the availability of suitable locations for spreading basin is not 
considered a limiting constraint. 
Review of the historical water level data for the project area reveals that water levels are 
seasonally less than 10 to 20 feet below ground surface (bgs) in the areas downstream of the 
Grantline and average 30 feet bgs in the area between Thome Road and the Grantline. Utilizing 
a specific yield from the analysis contained within this report, and assuming an average depth 
to ground water of 20 feet, storage underlying an acre of spreading basin is approximately 3.2 af 
per acre. Assuming that infiltrating water would be redistributed by horizontal flow away from 
spreading areas, total storage in the project area south of the Grantline boundary is 24,000 af 
and total storage in the 35, 154-acre study area is 112,000 af. Based on available aquifer 
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storage, storage of the study area is more than adequate for the potential 50,000 yield of the 
project. 
Previous studies assumed that the horizontal permeability and transmissivity of the aquifer 
materials within the project and study area were sufficiently high to effect rapid redistribution 
of the recharged water overcoming the limited available aquifer storage. Numerical simulations 
of variations of the potential project utilizing aquifer parameter data developed from this 
investigation resulted in the prediction of significant mounding of ground water in the vicinity 
of the spreading basins. Mounding effects were sufficiently high to impede operation of the 
spreading basins except in the cases where the spreading area was extremely large (in excess of 
1,000 acres), the spreading period was doubled through the assumed use of an upstream control 
structure, or the ground water storage space was evacuated through a pumping program prior 
to the start of the recharge operation. Simulations did not included the mounding effects that 
would be associated with the river during a period with divertable flows because it was difficult 
to predict the volumes of flow that would be required to be passed for in-stream purposes. The 
mounding associated with the near-stream spreading basins would be additive with that 
associated with the river. Mounding effects from the river would reduce project yield. 
Mounding effects observed during infiltration testing suggest that, due to local variations in 
stratigraphy, transmissivity may locally be as low as 100,000 gpd/ft. Again, the data strongly 
suggest that the horizontal transmissivity of the aquifer limits the rate of horizontal redistribution 
of recharged water. Therefore, because of the limited storage and duration of spreading period, 
this represents a limitation on the amount of water that could be spread. 
Aquifer storage currently limits the amount of water that could be spread. The amount 
of water that could be spread could be significantly increased if aquifer storage was increased 
prior to spreading through the lowering of ground water levels in the area prior to spreading . 
This would increase the amount of aquifer space available for mounding and storage. Given the 
variability in timing and duration of flows of Arroyo Seco, aquifer storage would likely need to 
be created and managed throughout the year through a ground water level management program 
to assure that aquifer storage was available at the time of flow . A ground water level 
management plan would set specified elevations at which ground water levels would be 
maintained by project extractions. If water levels were above the specified elevations, storage 
would be increased through project extractions. If water levels fell below the specified 
elevations, extractions associated with the project would cease until water levels have recovered. 
In this sense, the ground water basin is operated in a manner similar to a reservoir. Similar 
ground water level management plans have been adopted in other areas with replenishment 
operations. 
Preliminary assessment of mounding effects associated with spreading suggests that the 
maintenance of depressed water levels of approximately 20 to 30 feet would substantially reduce 
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the impacts of mounding and enhance the effectiveness of a recharge program. The lowering 
of water levels in the area, however, would result in increased pumping costs for existing users. 
Additional costs would possibly include those associated with lowering pumps and increased 
pumping plant lifts. In some wells in the area, maintenance of reduced water levels in the area 
could result in pumping water levels within the perforated intervals and result in increased 
sanding. At a minimum, pumping costs will increase on the order of $7.50 per acre-foot as a 
result of the increased lift. The impacts of a ground water level maintenance program for the 
purpose of maintaining aquifer storage should be assessed within the context of the statistical 
variation of flow within the Arroyo Seco and Salinas River and the regional ground water basin 
response. The Agency's ground and surface water model of the basin should be utilized to 
identify the response of the basin in the project area to critically dry periods of no-flow in the 
Arroyo Seco and/or Salinas River. 
Data Gaps 
This investigation has developed significant data on the hydrogeologic setting of the 
project area. The data developed is considered sufficient for assessment of the feasibility of the 
potential project, however, additional site-specific data would be required for preliminary design 
should a project be considered. 
Hydrology. The most significant data needed for further understanding of the Arroyo 
Seco watershed are data regarding the volume, timing, and nature of flow from the Arroyo Seco 
into the Salinas River. These data would be necessary for further assessment of the feasibility 
of development of a spreading operation, the effectiveness of the potential Salinas River well 
system, and impacts of a dam or control structure in Arroyo Seco Canyon. A continuous record 
gaging station at the Lower Bridge would be difficult to establish, maintain, and calibrate. As 
an alternative, crest gages, duration of flow recorders, and an expanded program of periodic 
observation and stream gaging during flow events would be a significant contribution to the 
available data. 
Ground Water Data. The continuous water level record data collected by the Agency 
from the seven new dedicated monitoring wells installed as part of this investigation have already 
provided significant understanding regarding the interaction between surface and ground water 
in the study area. The continued collection and review of these data will provide insight in the 
response of the local system to the cessation of recharge through the Middle Bridge gage and 
the onset of irrigation season. 
Additionally, design of the spreading basins and well system will require additional 
aquifer parameter data. Additional aquifer testing, including confirmation testing of the 
production well completed as part of this investigation, should be performed. Data from the 
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continuous records from the monitoring wells suggest that several of these wells are influenced 
by adjacent pumping wells and that, if these production wells can be identified, the monitoring 
wells could be utilized to perform formal aquifer tests. 
Closure 
This report has been prepared for the exclusive use of the Monterey County Water 
Resource Agency for specific application to the Arroyo Seco Cone area of Monterey County. 
The findings, conclusions, and recommendations presented herein were prepared in accordance 
with generally accepted hydrogeologic engineering practices. No other warranty express or 
implied is made. 
--o--
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Exploratory Drilling and Monitoring Well Construction 
Exploratory drilling and monitoring well construction operations commenced on August 
30 and continued through September 17, 1993. Three sites were selected for subsurface 
exploration and well construction and are identified as Hudson Road, Los Coches Road, and 
Thorne Road. The locations of the three sites are shown on Plate 1. Due to political and legal 
constraints, the locations for monitoring wells were limited to County rights-of-way within the 
study area, essentially the shoulder areas along the roads. Specific site locations were selected 
by SGD and Agency staff based on criteria that included specific hydrogeologic requirements, 
locations considered essential for future monitoring, and site access with respect to the drilling 
equipment. Well permits from the County of Monterey Environmental Health Services and 
encroachment permits from the County of Monterey Public Works Department were acquired 
for each of the sites. 
Drilling equipment consisted of a truck-mounted direct-rotary drill rig (Mayhew 1000), 
a 3,000-gallon water/pipe truck, and a portable mud tank equipped with a shaker screen and a 
desanding cone. Drilling fluids were circulated through a 400 gpm centrifugal pump. The 
drilling fluid utilized consisted of high grade bentonite. Lime was added to the drilling fluid on 
occasion to increase the viscosity of the mud through coarse sections. Make-up water used 
during the drilling at the Hudson site was provided by an agricultural well on the adjacent 
property with the permission of the owner. Water for the other two sites was purchased from 
the City of Greenfield. 
The work performed at each site began with the drilling of a test boring. The test 
borings at both the Hudson Road and Thorne Road sites were drilled to a total depth of 300 feet. 
The test boring at the Los Coches Road site was drilled to a total depth of 600 feet. During the 
drilling process, drilling activity was monitored and a lithologic log was prepared by a SGD 
geologist. Cuttings samples were collected at 10-foot intervals. Upon reaching the final depth, 
a geophysical log was performed. The geophysical log included measurements of spontaneous 
potential (SP) and resistivity (long- and short-normal, and single point). The geophysical and 
lithologic logs, as well as the cuttings samples, were reviewed by SGD staff, and the completion 
schedules for the wells were determined. Geophysical and lithologic logs from each test boring 
were provided to the Agency for incorporation into the hydrogeologic database and are contained 
at the end of this appendix. 
The test boring at each location was completed with two well casings, one shallow and 
the other deep. Two separate perforated zones were desirable to determine the degree of 
hydraulic continuity between aquifer zones that appear to be distinct on the geophysical log. The 
two wells were completed within the same borehole because of the difficult drilling conditions 
encountered and the desire to minimize the chance of breaking the drill pipe during drilling 
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operations and losing drilling equipment. At the Los Coches site, the third well was completed 
in a second, shallow boring. 
Each monitoring well consists of 2-inch-diameter, Schedule 40 PVC, joined together 
using belled ends or slip couplers, solvent cement, and screws. The screened section(s) of each 
well consists of horizontal, 0.040-inch, machine-cut slots. Each well was provided with a 10-
foot-long cellar (except for Los Coches Shallow, which has a 5-foot cellar), which was included 
as part of the well design to facilitate air development of the screened interval. The upper 5 feet 
of each well casing consists of 4-inch-diam.eter, Schedule 40 PVC, designed to accommodate 
instrumentation for collection of water level data. Each well was gravel packed with three-
eighths-inch minus, "River Run" pea-gravel provided by the Granite Rock Company of Hollister, 
California. Annular seals were emplaced between the screened sections of the dual-completion 
casings through a tremie pipe. The sealing material consisted of neat cement that was allowed 
to cure overnight prior to the emplacement of the gravel pack around the shallower of the two 
well casings. The depth to the top of the hardened seal was tagged with tremie pipe and 
documented before the second stage of gravel packing began. An annular surface seal was 
provided in each of the completed borings. Surface seals also consisted of neat cement, except 
for the seal in the dually completed boring at the Los Coches Road site, which consisted in part 
of "Volclay" grout ("Volclay" was placed bet.ween the neat cement located immediately above 
the gravel pack and at the surface). Each monitoring well was developed through air lifting 
following well construction and, prior to the termination of the air lifting, a sample was collected 
from each well for water quality analysis by the Agency. A drawing depicting the typical 
monitoring well construction characteristics and a summary of well construction details are 
provided on Plate A-1 - Well Schematic and Well Completion Summary. Well construction 
details are also summarized on Plate A-1. 
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Hudson Deep2 229.6 
Hudson Shallow 229.6 
Los Coches Deep2 222.5 
Los Coches Middle2 222.5 
Los Coches Shallow 222.5 
Thorne Deep2 263.0 
Thorne Shallow 263 .0 
2 
Feet above mean sea level 
Multiple completion 
600 
95 
300 
SURFACE ENCLOSURE 
CEMENT GROUT 
PVCCASING · 
GRAVEL PACK 
PVC CELLAR 
CEMENT GROUT 
GRAVEL PACK 
PVC SCREEN 
253 193 to 243 110 to 165 
130 70 to 110 0 to 40 
590 510 to 530 400 to 463 
540 to 560 
570 to 580 
280 220 to 270 0 to 200 
95 40 to 90 25 
258 198 to 248 141 to 173 
120 60 to 110 0 to 35 
WELL SCHEMATIC 
77AIO-RPT2.APR AND WELL COMPLETION SUMMARY 
IGD 
36.6 to 013 .4 
159.6 to 109.6 
7.5 to 307.5 
317.5 to 337.5 
347.5 to 357.5 
2.5 to 47.5 
182.5 to 132.5 
65 to 5 
203 to 153 
PLATE A-1 
ELECTRIC LOG 
FILING NO . COMPANY MONTEREY COUNTY WATER RESOURCES AGENCY 
U ELL H U D S 0 N RD 0- ~M~O~~NI~T~O~-"R _ _ _ _ ____ ___ __ __ 1 
FIELD GR E~E~N~F~I~E~L~D _ _ ___ _ _ _ _ _ _ -- - ---
COUNTY MONT_EREY STATE 
LOCATION:HUDSON RO . ONE MILE WEST 
OF HWY. 101. 
JOB NO . 
21534 SEC 24 TWP 18S 
Permanent Datum: G.L"--"- -----~ 
RGE GE 
- - --
E ! av: 
Log Measured . From G.L , Ft Above Perm Datum 
Drill in !1~ asured From G.L. 
Date 08 - 3 '1-1993 
Run No . ONE 
Depth - Ori I !er 301. 
Depth - Logger 301' 
Btm. Log Inter . 300' 
Top Log Int,;,r. 34· 
Casing-Dr! l ler at 
Casing-Logger 
Btt Size 9 7/8"" 
Type · Fluid In Hole BENTONITE 
Dens . I Vise. N/A 
pH Fluid Loss m I 
Source · of Sample P.I T 
Rm at Meas.Temp 9 .5 at95 F 
Rmf at Meas. Temp 10.5 at77 F 
Rmc at Meas. Temp F 
s; ·urce; Rmf Rmc MEAS 
Rm at BHT F 
Time Since Circ. 0 HOURS 
Max. Rec. Temp. F 
Equip Location l.-15· SNS 
Recorded B!:j C . NEWMAN 
Witne ss ed B M.BURKE 
C_ALI FORNifl 
OTHER SERV: 
NONE 
K.B. 
D.F. 
G . L. __ _ 
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ELECTRIC LOG 
FILING ~O. COMPANY MONTEREY COUNTY WATER RESOURCES AGENCY 
WELL 
FIELD 
COUNTY 
THORNE RD. MON I TOR 
GREENFIELD 
MONTEREY STATE 
LOCATION:THORNE RD. 2 MILES SlJ OF 
HWY.101. 
JOB NO. 
21543 SEC 35 TWP 18S RGE 6E 
Permanent Datum: G.L. Elev: 
Log Measured From G.L. Ft Above Perm Datum 
Drilling Measured From G.L . 
Date 09-16-1993 
Run No. ONE 
CALIFORNIA 
OTHER SERV: 
NONE 
K. B ._ __ 1 
D.F._. ___ , 
G.L. 
- - ---. 
i 
-; 
I 
Depth-Driller 301' 
~~~~--t~~~~~~~~-+-~~~~~~~~1---~~~~---~ 
Depth - Logger 301' !. 
Btm. Log Inter. 300' 
Top Lo9 Inter. 34' 
t-C_a~s_i_n~g~-~D_r_i_l~l_e_r~~----j~~~~-a.t~~~----i'-~~~~~~~-+-~~~~~~--t 
Casing-Logger at 
B i t Size 9 7/8" --i 
Type Fluid In Hole BENTONITE 
Dens. I Vise. N/A 
pH ·Fluid Loss N/A ml 
Source of Sample CIRC. 
Rm at Meas.Temp 19.0 at75 F 
Rmf at Meas.Temp 10.0 at66 F 
Rmc at Meas.Temp N/ A at F 
Source:Rmf Rmc MEAS 
Rm at BHT F 
Time Since Circ. 0 HOURS 
Max. Rec. 'Temp. F 
Equip !Location L-15 I SNS 
Recorded By C.NEWMAN 
Witnessed B M.BURKE 
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Procedures 
Well Construction. Production and monitoring well construction operations for purposes 
of conducting aquifer testing commenced on January 1, 1994, and continued through January 12, 
1994. The wells were constructed on Mr. Jack Martin's property on Hudson Road near the City 
of Greenfield. Well permits were acquired for the site from the County of Monterey 
Environmental Health Services. The locations of the two wells are shown on Plate B-1 - Aquifer 
Test Well Location Map. 
Drilling equipment and procedures were similar to those utilized during Exploratory 
Drilling and Monitoring Well operations and are discussed previously. The so-called "Martin's 
Production Well" was drilled to a depth of 160 feet and consists of 8-inch-diameter, carbon steel 
casing to a depth of 157 feet with perforations from 90 to 150 feet. Casing sections were joined 
by welds. The screen section consists of 0.060-inch machine-cut vertical slots with a wall 
thickness of 0.187-inch. The blank casing sections have a wall thickness of 0.250-inch. The 
well was gravel packed to a depth of 57 feet with "Coarse Aquarium" sand provided by RMC 
Lonestar Company. A 6-sack sand slurry cement seal was placed within the annulus from 57 
feet to ground surface and the well head protected by a concrete pad. The so-called "Martin's 
South Monitoring Well" was drilled to a depth of 160 feet and consists of 2-inch-diameter, 
Schedule 40 PVC, joined together using belled ends and slip collars, solvent cement, and 
screws. Perforations were placed between 90 and 150 feet and consist of horizontal, 0.040-inch, 
machine-cut horizontal slots. The well was gravel packed to a depth of 4 7 feet with the same 
"Coarse Aquarium" sand utilized in the construction of Martin's Production Well. A surface 
seal consisting of "Volclay" grout was placed within the annulus from 47 feet to ground surface. 
The well was provided with a traffic-rated surface enclosure. Following well construction, each 
well was developed by air-lifting until well discharge was clear and free of sand. Each well was 
logged by a SGD geologist. Logs complete with construction details are included at the end of 
this appendix. A third, existing monitoring well, constructed for the infiltration testing part of 
this investigation, was also used during the aquifer test and is identified in this section as 
"Martin's West Monitoring Well." 
Aquifer Testing. Following completion of well construction activities, a 36-hour 
constant discharge aquifer test was performed. Aquifer testing was performed to determine well 
production characteristics and aquifer parameters of the Arroyo Seco Cone Aquifer in this area. 
Aquifer testing procedures were conducted during the period of February 15 to February 19, 
1994. Aquifer testing utilized a 15-horsepower, electric, submersible pump capable of discharge 
rates of up to 290 gpm. The test pump was installed to a depth of approximately 87 feet. 
Discharge rate was controlled with a gate valve and measured with a Collins tube and 
differential manometer. Power for the pump was provided from a portable generator provided 
by A-1 Rents of Salinas, California. Discharge water was diverted away from the well to the 
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Arroyo Seco River through a closed pipe. Water level data were collected from each of the 
wells prior to, during, and after the aquifer test using pressure transducers coupled to data 
loggers. 
Background Data. Preliminary testing was performed to establish a discharge rate that 
could be maintained for the duration of the anticipated test period. Following preliminary 
testing, background water level data was collected for a period of 12 hours. The background 
water level data revealed the influence of recharge from the river and surface infiltration 
following precipitation during the test period. Based on the background data, the recharge rate 
was estimated to be approximately 0.0004 foot per minute. 
Test Data. Two constant discharge tests were performed. The first test was begun at 
10:30 a.m. on February 16, 1994. The test was initiated at a discharge rate of approximately 
285 gpm and was maintained at an average flow rate of 283 gpm for approximately 30 hours. 
The test was terminated at approximately 4 p.m. on February 17, 1994. During testing, the 
water level in the pumping well declined from an average static water level of about 45. 9 feet 
to a depth of approximately 51.2 feet within the first few minutes of pumping. The pumping 
water level stabilized at a depth of approximately 51.2 feet after about 10 minutes of pumping, 
then began to slowly rise after approximately 120 minutes in response to areal recharge. The 
water level in the production well at the end of the test was 50.96 feet. Total drawdown, 
adjusted for a recharge rate of 0.0004 foot per minute calculated from the background data was 
approximately 5.8 feet, resulting in a specific capacity of approximately 49 gpm/ft drawdown. 
The observed drawdown in the monitoring well at the end of the test was about 1.4 feet 
(adjusted for recharge). 
Review of the data from the first test revealed that the effects of recharge to be 
significant and would likely complicate analysis of the data. A second short-term test was 
performed to collect an additional set of data. This second test was performed for a period of 
100 minutes and was followed by a similar recovery period. 
Analysis. The occurrence of recharge from the river and from the infiltration of 
precipitation during the aquifer test period complicated the analysis of the collected data. Water 
level data from both the production well and the observation well display higher water levels at 
the end of the test period than at the beginning. The collected data was corrected for recharge 
based on an assumed constant recharge rate derived from the background data. The necessity 
for and the assumptions included in this correction reduces the confidence in the aquifer analysis. 
Analysis of the corrected recovery data from the second test yields a value for transmissivity of 
approximately 453,000 gpd/ft. Analysis of the drawdown data from this same test yields a value 
of transmissivity 376,300, resulting in an average value of approximately 415 ,000 gpd/ft. These 
data and analyses are presented on Plate B-2 - Aquifer Test No. 2, Production Well Recovery 
77A\0-RPTI.APR - B2 -
April 1994 
Project No. 93-71-1480 BGD 
Data, and Plate B-3 - Aquifer Test No. 2, Production Well Drawdown Data. The conditions 
under which the test were performed likely resulted in estimates of transmissivity that are higher 
than the actual values. The calculated value compares with the average transmissivity value of 
228,600 gpd/ft derived from specific capacity data from the study area utilizing the Logan 
approximation. This value is likely low considering that application of the Logan approximation 
to the subject test well would result in an estimate of transmissivity of approximately 88,000 
gpd/ft. Therefore, we believe that a representative value for the aquifer system in the study area 
is on the order of 300,000 gpd/ft. We would recommend that this estimate be confirmed by 
utilizing the existing production well and observation well for the performance of an additional 
aquifer test after flow in Arroyo Seco ceases and the effects of seasonal recharge have 
equilibrated. 
The calculation of accurate storage coefficient from aquifer test data is difficult. Given 
the available data, it was not considered possible to accurately estimate the point of zero 
drawdown in the observation well record. A storage coefficient was therefore not developed 
from the aquifer test data. 
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NOTE: Distances From Martins Production Well. 
South Monitor - 20 Feet 
West Monitor - 550 Feet 
AQUIFER TEST 
WELL LOCATION MAP 
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PLATE 8-3 
- Field Exploration 
Well ldent 
Description 
MARTIN Production Well on Martin Property 
-· 
Drill. Method Direct Rotary I Drill. Dates 1/5/94 
x 1v 1z 220.00 IZM 220.00 
Static Water Elevation (feet) 174.10 I Scales 
Vertical I Horizontal 
275.0 25.0 
Depth Hole Annulus Casing Screen Lithology Elev. [feet] [feet] 
10 210 
20 200 
Cement 
30 Sand Slurry 190 
40 180 
Coarse Gravel with 
50 Cobbles and Sand 170 
57 
60 160 
70 150 
80 18 8 140 
90 90 130 
98 
100 120 
110 Gravel Pack 110 
120 100 
Same as Above with 
130 Minor Clay Lenses 90 
140 80 
150 150 70 
157 
160 160 160 160 60 
170 50 
- Field Exploration 
Well ldent 
Description 
MARTIN-MW Monitoring Well for Aquifer Testing 
Drill . Method Direct Rotary 
x I Y 
Static Water Elevation (feet) 174 . 10 
Depth 
[feet] 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
Hole 
6.25 
160 
Annulus Casing Screen 
Voclay Grout 
47 
2 
90 
Gravel Pack 
150 150 
160 
1z 
I 
--
I Drill. Dates 1/5/94 
220.00 IZM 220 . 00 
Scales 
Vertical I Horizontal 
275 . 0 
~ithology 
Coarse Gravel with 
Cobbles and Sand 
98 
Same as Above with 
Minor Clay Lenses 
160 
10.0 
Elev. 
[feet] 
210 
200 
190 
180 
170 
160 
150 
140 
130 
120 
110 
100 
90 
80 
70 
60 
50 
I 
l 
{ 
t 
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WATER LEVEL DATA 
I 
I 
-...J (/) 
:!E 
I-
LL 
-z 
0 j:: 
<t 
> w 
...J 
w 
w 
0 
<t 
LL 
a: 
::> 
(/) 
a: 
w 
I-
<t 
3: 
THORNE RD 150 ft MONITOR 
END OF IRRIGATION SEASON 
SGO 
190.5-.-: ------.,....-----------,-----------, 
' 
190.0 I 
: 
189.5 [ ___ _ 
i 
189.o ill 
188.5 ~ 
188.0 L------·----· ·--~-----+·-----------..____- --~---
I 
187.5--'"i ............. .....,..,.,..,.,..,..,... ......................... ........,..,............,. ........... "TTTTTTmn'n.....,.,.;. ............ ~~ ............ ~~~ ............ ~~..........;..,~~ ............... 
11 /04/93 11 /05/93 11 /06/93 11 /07 /93 11 /08/93 11 /09/93 11/10/93 
DATE 
THORNE RD 150 ft MONITOR 
IRRIGATION SEASON OVER 
200.0~-----------.----.......-------.,.--------.----.. 
:::J 199.5-+----+-----+-----+-----+-----;--------+-----1 
(/) 
::!: 
i-: 
LL 
-z 199.0 
0 
~ 
ct 
> ~ 198.5-1'- ----; _ _ _ _....... ___ -+-----;--------"----·----+-- - - l 
-1;------. 
w 
0 
ct 
LL g; 198.0 
(/) 
cc 
w 
~ 
3: 197.5 
1 9 7 
0 
0 ~,,.,.....,.....,..,.,....,.,....,.,.,.,...,.......TTTTTT",.,.,.,.,.,.,.....,...,....,.,...,.,.,rTTTTnTrrTTTTTTT1TrTTTTTTTTTTTTnTTTT1rn-tmTTTM"TrTTTT"MrTTTTTT...,.,.,..,,.,.,.,.,...,.,.,.,....,... ............. .,..,.,....,.,.,..,.,...,.,"n"TTTTTTTT' 
01 /04/94 01 /05/94 01 /06/94 01 /07 /94 01 /08/94 01 /09/94 01/10/94 
DATE 
I 
I 
I 
-...J 
en 
:E 
..... 
u.. 
-z 
0 j:: 
<l: 
> w 
...J 
w 
w () 
<l: 
u.. 
a: 
:::) 
en 
a: 
w 
..... 
<l: ;: 
THORNE RD 150 ft MONITOR 
ARROYO SECO FLOWING 
SGD 
206.0..,.,.---------.-----------------.-------, 
205.5 
205.0 
204.5 ; 
! 
204.0 
203.5 
203 , 0-'iTn-rTTTTTT'rTTTTTT'ITTTTT1tTTnn'1'1'TTTT'ITTTTTITTTriTITTnTTTTTTTTl'TTTT1Tn+nT'l'TTTTTT'nTTTl'T'ITTTTT1'1TrrrrTTTTTTl'TTTTTT'..,..,.;,,.TTTTTT'1rTTT1TTTTTTTT'1rrfTnTTTT'TTTTTTTTTTITITTT' 
02/07 /94 02/08/94 02/09/94 02/10/94 02/11 /94 02/12/94 02/13/94 
DATE 
-...J 
THORNE RD 150 ft MONITOR 
ARROYO SEGO FLOW DECREASING 
215.o~,--------------.----~-------~---. 
I 
214.5 ~-·- - ·---+-----+-----+-----+ 
~ i 
I- i 
LL 
-z 214.0-i""' -----;--------;------;------;--;.-..----,,...-..::---;,r .. 
0 
~ 
> 
w irl 213.5~·-"'°'<---l---+-----+---->..;---+--------i-----+-----4-----l 
w 
0 
<t: 
LL 
a: 
~ 213.0 ---
en 
a: 
w 
1-
<t: 
3: 212.5 ·-·---·~---~ --------· 
·-------- .. ------·--·-
---·-----!-·-·--
! ! 
l ! 
! 
21 2 , 0 .............,""'"""''TTTTTTTTTTTTr+TTn-.............. ............,""'"""' ........... TM'T'MTM'T'MTTTTTT;,..,.,.,............,............,M'TTTriTM'T'MTTTTTTTTTTTT.........+.......,.,.,.......,.,.,""'"""' ........... TTTTTT..,..,...,. 
03/1 0/94 03/11 /94 03/12/94 03/13/94 03/14/94 03/15/94 03/16/94 
DATE 
THORNE RD 300 ft MONITOR 
END OF IRRIGATION SEASON 
SGD 
190.5...,,.----.,.-----___,.-----.------.-----..,....----__,.------, 
3 190.0----- ! -
CJ) 
:E 
.... 
LL ' 
-z 189.5 f· 
0 
~ i 
i'.i'.i ! ~ 189.0 f--- -+----------+-----<>------+--------+---<r-+--1 
w 
() 
< LL 
a: 
=> 188.5 r·----
"' a:
w l 
.... ~ 188.0 L-----+-----+-----+----- : -+---· ---- -- ' ------1 
' 
I 
1 8 7 , 5 _,,,1.,...,.,.,...TTTTTT"rTTTm"TTT"inTTM"TrrTTMTi'TTTTTTTri-n-rrTTTTn'TTTTTT'l'TTl'T"l'"riTrmTTTTTTTTTTTTl,,.,.,,.,.;TTTTTTlrTTTTTTTTTTTTrTTT"h-TTTT"nTMTT"ml'TTTTTT"MhTrnTTTn'TTTTTTTTTTTTT' 
11 /04/93 11 /05/93 11 /06/93 11 /07 /93 11 /08/93 11 /09/93 11 /1 0/93 
DATE 
THORNE RD 300 ft MONITOR 
IRRIGATION SEASON OVER 
198.0~--------.----------------.------. 
::::i' 197.5 
"' := 
I-
LL 
;; 197.0 f------;------··-------...------;-------· 
0 
i= 
<( 
> w 
uj 1 96. 5+--'<::=::1---r---rt 
w 
u 
<( 
lL 
a: 
::::::> 
"' 
l 
196.0 l-·----..---------__,, __ -.........--
a: : 
w ' ~ 195.5 l.----+-----+-----;------r------+-------+-----i 
195.0 ....... 1~-~ ............ ~~~ .............. ~~,.,.,..,.,..,.,..........,...,..,.,..,.,..,,.,..,.,....,.,.,..,,.,.;..........,....m.........,.,..,,.....TTT.+..~~~ ......... ~ ........................... 
01 /04/94 01 /05/94 01 /06/94 01 /07 /94 01 /08/94 01 /09/94 01/10/94 
DATE 
I 
I 
THORNE RD 300 ft MONITOR 
ARROYO SECO FLOWING 
SGD 
::::J 202.5 
en 
:!: 
I-
LL 
-z 202.0 
0 
j:: 
ct: 
> w 
...J 201.5 w 
w 
CJ 
ct: 
LL 
cc 
:::> 
en 
cc 
w 
I-
ct: 
3: 200.5 
200.0--i;,....,.,~.......,..............., ...................... ..........., ........... ~ ...................... ,.,.,...;.,.,..........,...,.,..,,..........,....,,,....;,.,.,...........,~~ ...................... ~......,..;........,...............,~.,.,.... 
02/07 /94 02/08/94 02/09/94 02/10/94 02/11 /94 02/12/94 02/13/94 
DATE 
THORNE RD 300 ft MONITOR 
ARROYO SECO FLOW DECREASING 
209.0~-----------...----.---------.------.-----. 
' 
:::r- 208.5 [ _____ --'-_ ___ _..._ ___ -+-______ :;....,__--4---+---•··---l---+-+--l--i 
en . 
:E 
I- ' ~ 208.0 l-----+---+ ---~f't----1-->ri----+---+--t--+--==>'"---+--t--+----------+-·-1 
0 
!;;( 
> w 
Lrl 207 .5-1'---l--+-------+--t---+---1--t--+---t--·l----<-------i·---'<+----+----1 
w 
0 
<( 
u. 
a: 
:::::> 207 .0 [·-
en 
a: 
w 
I-
<( 
s: 206.5 r----·------· 
' 
I 
·--------·L 
---}-··-----
206 • 0 ....... I,.,...,....,.,,,...,.,.,.,rTTTTT'lm-n-i-r"TTTTTT"TTTTTTTTTTTT"1'1'T'riTTTTTTTTTTTTTl'TTTTT'1rTTriTil'TTTTT'1rTTTTTl"TTTTTTTTT1-rTTTTTTTTTTTTTTTTTTT1.,.,.+n,"TTTTT'TTTTTTTTTTTTTn1TrrirTTTTTTTT' 
03/10/94 03/11 /94 03/12/94 03/13/94 03/14/94 03/15/94 03/16/94 
DATE 
SGD 
HUDSON RD 150 ft MONITOR 
END OF IRRIGATION SEASON 
186.0--.-: -------------,------,-----..-------,------, 
l 
:I 185.5 t 
CJ) 
~ 
..... ; ~ 185.0 [_, ___ ,_, __ 
0 
~ 
> w 
~ 184.5 .... :- - • .....,,_,_,,___,___,..._.,_._--+--,__,__ _ ______ ___ _,__,__,_~-----. 
w 
0 
<( 
u. 
§ 184.0 ~·---·-·---.. ;-! ---
CJ) 
a: 
w 
~ 
3: 183.5 !----
I 
1 83 . o-1 TTTTTT"TTTTTT'l"1'TTTTTT'rirn"TTTTTTITTTTT'1TT'TTTTl'1'TTTTITTTTTT1rTTTTTT..........,.,"TT'TTM"TnTTT'l.,...,.,... ........... l"TTTTT1'TTl'TTTmTTTT.....,..,.,.,...,.,.,..,.,.,....,.,...,....,....,...,.,.,....,.,...,~.....,....,.,.. 
11 /04/93 11 /05/93 11 /06/93 11 /07 /93 11 /08/93 11 /09/93 11 /1 0/93 
DATE 
HUDSON RD 150 ft MONITOR 
IRRIGATION SEASON OVER 
189.o...,,....-----.--------....,...-----,-----~---....,..-----..., 
::::I 188.54-,----·;--i ___ ,.___ _ -+-----;--
----·-------1 
"' :2
..... 
; 188.0 ~----+------r----;-----+-----------+-----1 
0 j:: 
<t 
> w 
u1 187 .5~: --+--A~i-::- -~-= 
w 
(..) 
<t 
u. 
a: 
::::> 187.0 ; 
en 
___ _j __ . ___ : -·---"-----+---+-J--.. ---R-•M- 0 --··--••·-~---
a: 
w 
..... 
<t 
3: 186.5 f-···--
1 86. 0 _....,i ~....,.....,..,...,.,..,.,...,.,.,..;,..,'TM"TTT.....,....,.....,.....-,..,,.TTTTTTl'TTT'MTnrrmmTTTT,.,...,...,..,rTnTTT'ITTtmnTrTTM'TTTT'TTTTTTTl,,.,.,.,...,.,m"l'TTT,.,.,...,.,.,....,..,,.,.,.,.,...,.,.,'"""""l'TTTTTTTI" 
01 /04/94 01 /05/94 01 /06/94 01 /07 /94 01 /08/94 01 /09/94 01/10/94 
DATE 
HUDSON RD 150 ft MONITOR 
ARROYO SEGO FLOWING 
SGD 
191 .0~----------~---~-----------. 
' 
::J' 190.5-1'-! ___ __,_ __ _..._ ___ ....__ _ ____. ____ __._ __ -+-------i 
en 
:::!: 
1-
u. 
-z 190.0 [---·· ----+-----1-------+--~-.,,.._-=--
o 
~ 
> 
w ' u:: 189.54 i" ---~-----------...__ __ ---'" ____ __,_ __________ ---l 
w 
0 
< u. 
a: 
::::> 189.o r· ---~--~---~------+-------· 
en 
a: 
w 
~ 
3: 188.5 ,_ L ___ ___, ___ --l 
1 8 8 '0 _...,• .,..,.,.,.,.,.T"ft"T"TT'l'TTTTM'""""'"'"-nn"Tr,.....,.,.,.,.,.,.........+n-.........,,..,MTTTTTTMTrrl'iTTn"tTTTTTT........,.,'""""'......,.,..,,,,..,.,..,.,...TTTTTT,.,...,.;.,.,.,..,.,.,.,.,.l'TTTTM'"'"°"'"" ........... .,.,.,.,.,.,mTTTTTTTTT"TT' 
02/07 /94 02/08/94 02/09/94 02/1 0/94 02/11 /94 02/12/94 02/13/94 
DATE 
HUDSON RD 150 ft MONITOR 
ARROYO SECO FLOW DECREASING 
197.0~----,----------------~-------. 
- 196.5 ,·-------;-------+---------+------;----- - -+-------i ~ ! ~ 196.0 ~-----;------;--- --.....-----.---~----;- -------1 
0 
~ 
> w 
uj 1 95.5-l;-+--fll---+-____,.---~-J----+-+-l----lf--H----l+-t----t-----i-I·----+· 
w 
0 
<( 
u.. 
a: 
::::> 
en 
a: 
w 
~ ;: 
195.0 ' ----H--+-----+------+- --4----'---·+--t-~-t---t 
' 
I 
194.5 f 
1 
1 94 , o-
1 
"TTTTTTTTTTTTTTTTTT"rnTmrTTTTTirTTTTTi'TMTTTTTTTTT'TTTTTT'TTTTTTTTTTTTrrrtTT1....,.,.,.,..,'TTTTTTTTTTTTnTTTnrTTTTTirTTTTT1'TTTTTTnTTTrrTTTTTirTTTTTi"TTTTTT+...nTnTTTTTT 
03/10/94 03/11 /94 03/12/94 03/13/94 03/14/94 03/15/94 03/16/94 
DATE 
I 
I 
HUDSON RD 300 ft MONITOR 
END OF IRRIGATION SEASON 
SGO 
186.o-.-----------,------------..,------,---------. 
::J' 185.5-+-'1'\---;.......l ___ _.__ _ _____... ___ ___.__ __ _.__ _ __.. ___ -1 
en 
:E 
I-
LL 
-z 185.0 ,-
0 ' 
~ ! ~ 184.5 [_ .. _ 
w 
0 
ct 
LL ' a: ' 
:::I 184.0 ~- --·t·-­
cn 
a: 
w 
l-
et 
3: 
' 
' 
183.5 l ·-- -
I 
-----~·----------- --------_...____ 1.----~ 
1 83. o_...,1 ~~ ....................... ......,.,..,.. ............ ~,.;,...,...,.........,...,.....,......~MTTTn' .................................... rrn'TT'O.....-.TT~ ..................................... .........,.;..,.,..,..,.,...,.,..,.,.,.,.,.ITTTTTTTT' 
11 /04/93 11 /05/93 11 /06/93 11 /07 /93 11 /08/93 11 /09/93 11/10/93 
DATE 
HUDSON RD 300 ft MONITOR 
IRRIGATION SEASON OVER 
189 .0~,-----------~------------------, 
l 
::::; 188.5 [ ___ ; --·------+-----;--------;-.- --~-----1 
(/) 
:E 
1-
u.. 
......... ; 
z 100.0-+:----t------+----+-------i----t-------+----
o 
i= 
<t 
> w Lrl 1 87. 5-1;.;--++-++-----+-----t-l-----+-+-++---+--+-----+---+--i- --+-t-----+----+-+----+---vt+-----I 
w 
~ I 
u.. ; l_ ~ 187.0 ~----·, ·---~-· ·H---+-- --1-1---' 
(/) 
a: ~ 186 5 ! ·--------------'----- - ---- ------+---
; 
1 86 • 0 -'h; .....,.,....TTTTTT'lrrTTTI'1'TTrtT'T'MTTTT"rrTTTI'1'"TTTTTTn1"TTT1rTTT'TT'l"TTTTTTTTT'TT'l'"r1'TTTT'TTTTTTTTTTTTT",,.,.,.,.,..TTTl'TT1rTTTTT'l'TTTTTTl'TTTtTT'MTTTT"nTTTn'TTTT'l'TrrtTml'TTTTn.,.,.,..,.,..TTTTTTT' 
01 /04/94 01 /05/94 01 /06/94 01 /07 /94 01 /08/94 01 /09/94 01/10/94 
DATE 
l 
l 
I 
I 
-...J (/) 
~ 
I-
LL. 
-z 
0 
t:= 
< 
> w 
...J 
w 
w (J 
< LL. 
a: 
:::> (/) 
a: 
w 
I-
< ;: 
l 
HUDSON RD 300 ft MONITOR 
ARROYO SECO FLOWING 
SGD 
191 .0~-----------.------------------. 
190.5 -
190.0 . ; 
i 
189.5 i 
i 
i 
! 
l 189.0 ,_ 
188.5 
l 
188.0 l 
02/07/94 02/08/94 02/09/94 02/10/94 02/11 /94 02/12/94 02/13/94 
DATE 
HUDSON RD 300 ft MONITOR 
ARROYO SEGO FLOW DECREASING 
195.?.......----..,-----.,------...---------.-------.-----..-----. 
:J' 195.2 ~- -----t---+---1----::--t-t-+t--1-·---+t--+-~-1-+-t 
en , 
:E 
t I 
i' 194. 7 ~----+-+----+------+--l-+----------0--·;.· ~---+-
0 
~ 
> w ~ 194.2 }--- ···-ll----+-------+---f- --+------;-- -\t--+----+--1-----i--+---I 
w 
0 
ct 
LL. i § 193.7 f- -·---------+--- --+------;-----+---- +-1---i-----i 
en 
cc ; 
w ~ 193.2 i -------;.-----+--- --+------+--· 
1 9 2 , 7 -'h' "TTTTTTTTTTTTTTTTTTl'TTTTT'ITTTTT'rTTTTT1rTTTTTTTTTTnTTTTTTTTTTTTTTTTTTTTTTTT'rTTTl'n'TTTTT'l"nTn"TTTTTTTTTTTTTTTTTTTrTTTTTlrTTTTTTTTTTTTTTTTTTITTTTTl'1°TTTT1.,.,..,..,-rn-i 
03/10/94 03/11 /94 03/12/94 03/13/94 03/14/94 03/15/94 03/16/94 
DATE 
LOS COCHES RD 150 ft MONITOR 
END OF IRRIGATION SEASON 
BGD 
178.o-.----.,..--------.-----,.----.,..--------,.-----,.----, 
3 1?1.s r 
(/J 
~ 
.... 
u.. 
-z 177.0 f-.. ·- · 
0 
~ 
~ 176.5 ~-- i __ 
w 
I . 
---------+-----.... 1_._ 
0 
<( 
u.. 
a: 
::I 
(/J 
l 
176.0 [--
' 
-~· -----·--! -----+--- ~-- -·--·-·--·-··-·~·--·---········-···--·---+------·-·-
a: ' w 
.... ' ~ 175.5 l ____ _,_! ------------------<---·-·-·-J. _________ , 
1 
17 5. o-: ~..........,..,....,...,....-....,.,...,..,.....,..,.., ............ .....,.,..,.........,........,...,.,..,..............,rTTTTTT.,...,...,..,rTTTTTT..,.,..,,....,,.,...,....,...,...,.,..................,~,..,.,.....,..,.......,.,.,.,.....,.,.,...............,,,....,...,............,... 
11 /04/93 11 /05/93 11 /06/93 11 /07 /93 11 /08/93 11 /09/93 11/10/93 
DATE 
LOS COCHES RD 150 ft MONITOR 
IRRIGATION SEASON OVER 
180.0~,---~---...------.-------,-----.,..----------. 
::a 179.5-1'" --------+--------+-----;------+-------+--------i 
~ I 
;; 179.0 f------;-----+-----+----!---------+----_.__------t 
0 
~ 
> 
w 
~ 178.54----...;------+------+-----;.------+--- ----+-----i 
w 
0 
<t 
LL 
a: 
:J 178.0 
CJ) 
a: 
w 
I 
___ L __ ___, 
I 
~ 177.5 l-------! ----·l·---------; 
-- ! --------··--+--
' 
_____ , _______ i.__,_ ___ --1 
1 7 7 . 0-'h' .,..,,.......,.,.,....,.,...,.,.,.,.,...,rTriTTT'TTTTTTl'TTTTTITTTTTTir+n-TITTTTTTnrTTTTTTTTTTriimTTTTTTTTTT'l'TTTTTTTTrini'TTTTTTrTTTTTITTTTTT1rT-n-rn-T'TTTTT'1'TTTTTT'rrrnfT,.,.,.,.,.,,TTTTT'rl'TTTTTTTi' 
01 /04/94 01 /05/94 01 /06/94 01 /07 /94 01 /08/94 01 /09/94 01/10/94 
DATE 
I 
I 
-...J 
CJ) 
~ 
t-
LL 
-z 
0 
t:= 
<( 
> w 
...J 
w 
w (.) 
<( 
LL 
a: 
::> 
CJ) 
a: 
w 
t-
<( 
~ 
LOS COCHES RD 150 ft MONl'TOR 
ARROYO SEGO FLOWING 
SGD 
181.0~---.---------.....-----------------, 
180.5 ~-- -+-------;-------- -! ---.. - - - - ·+-----i ; 
l 
180.0 :____ _ _ -+---_ ___ ___,_ _ __ -+--__ ___. __ _ 
' 
179.5-+' ----+---"=-"""'-':::~"""""-----+----+----+----+----l 
179.0-+----------;.--..------;-----+-----;.--..-------- -+------i 
178.5 
1 7 8 , 0-'h-rnTTTTmrTTTTTTTTTTTMtrrrrnTI"TTTT"rTTTTTTTTTThilTTTTTTTTTTTn'T"TTTTT"rriTm"TTTTTT'rnTn-rTTTTTMtn-n-r"TTTTTTn"TiTrTITTTrlTI"TTTTTTrTTTTTT-irrTn-irrtTnTTTTTTTTTTTiTnTTTT-r' 
02/07 /94 02/08/94 02/09/94 02/10/94 02/11 /94 02/12/94 02/13/94 
DATE 
-...J 
CJ) 
:!: 
I-
LL 
-z 
0 
j:: 
<( 
> w 
...J 
w 
w 
0 
<( 
LL 
er: 
::::::> 
CJ) 
er: 
w 
I-
<( 
3: 
LOS COCHES RD 150 ft MOtJITOR 
ARROYO SEGO FLOW DECREASING 
186.0-.-,---------..,.-------.----------.--------. 
185.5 
185.0 -
184.5 
184.0 
183.5 
1 8 3 . 0 ...Jtrn-mrrnrTTTTTI'TTTTTITtrrn'TTTTTITTITTTTTITTTTiTrrTTTTITTTTTITTrTTTTnrtrrmrrnm'TTTTTITTITTTi'TmTITTTTT"mrrnrrrrrrt'TTTTTl'TTTTTTTTTTTT,.,.,.,..+,rTTTTn~ 
03/10/94 03/11 /94 03/12/94 03/13/94 03/14/94 03/15/94 03/16/94 
DATE 
I 
I 
I 
{ 
I 
I 
LOS COCHES RD 300 ft MONITOR 
END OF IRRIGATION SEASON 
SGD 
178.0~----------,....------.,..----..--------,..--------. 
::J 177.5 
en 
:E 
t-
u. 
-
' ;1n~ I I . ! ~ i. - !~ _.1765~~~~-ii I ~· . i I I ! i I i 
i 176.0 ~-··---- : -·-·-·-----; -----;---· i --·-----1 ---·---f-·------1 
en : 
a: i 
~ 1755 ! 
1 7 5 , 0 -'h' "TTTTTT"nTTTTTTrTl'TT1-rriTTrl'TTTTTTTTTTTT1Tl'TTITimTTTT"m-nTTTTTTIT1rrrrtrnmTTTr1TTTTTTTTTTIT1mn-r,rTTTTTTITTTTTTrnri-rTTT'ITTTlmTTTTTTTMTTTi'MTnTTTTTT1TrTTTnm-n' 
11 /04/93 11 /05/93 11 /06/93 11 /07 /93 11 /08/93 11 /09/93 11/10/93 
DATE 
LOS COCHES RD 300 ft MONITOR 
IRRIGATION SEASON OVER 
180.0~---------.--------.-------.-----------. 
:::J 179.5 
UJ 
:E 
1-u.. i 
z 119. o l----·=-:::::--~-~=r::::-=: 
0 
~ 
> w 
u1 178.5-l!-!-------+-----;------t----+-----+-------+----I 
w (.) 
< u.. 
cc 
::::> 
UJ 
cc 
w 
I-
< :: 
' 178.0 }-----+-- ---;-----+----+-----
I 
177.5 1- ----+- L _________ _t ____ --1 
1 77 , 0-'h' """'""TTTTTTirTTTTTTTTTi'TTimTITTTTTTTT1rTTTTTTriTTTrlrTTTTTTTTTTTT1crm-rtnTTTT'1"1TTTTTnTTTT'l'TTTtrr1TTTTTTTTTrTTITTTTTTriTTrn'TTTTTTl'TTTTTTT'TT'Tri"l"l'TT'TT'TTTT'l'TT1rTTTTTTm' 
01 /04/94 01 /05/94 01 /06/94 01 /07 /94 01 /08/94 01 /09/94 01/10/94 
DATE 
LOS COCHES RD 300 ft MON~TOR 
ARROYO SECO FLOWING 
SGD 
1 s2.o--.-------~-----------..-------------. 
:::J 181.5 ; 
CJ) ' 
~ I 
z 181.0 t 
0 
j:: 
<( 
> w 
u:1 180.5 ; 
w 
0 
<( 
LL 
----;-----+--- ---j 
! 
i 
; 
~ 180.0 L_ ________________ _..__ _ ---+-------------------1 
CJ) 
cc 
w 
I-
<( 
3: ' 179.5-+-'----+------;---·---+----+--- ---+-----------------1 
1 7 9, 0 --Jtn.n.TTTTTTirTTTTTTTTTTTTi'TTTTTTTTTTmrTTTTTTTTIThirTTTTTTTTTTTTirTTTTTTnfnn'TITTTT'nTTITTTTTTmtmrrrTTTTTTI'TTTTTTrnriTr'TTT'TTT'rTTTTTT~..ri-rm-TTTTTTT'TTTTT'n'"'""" 
02/07 /94 02/08/94 02/09/94 02/10/94 02/11 /94 02/12/94 02/13/94 
DATE 
:::I 186.5 
CJ) 
~ 
..... 
LL 
-
LOS COCHES RD 300 ft MONITOR 
ARROYO SECO FLOW DECREASING 
z 186.0-1~..:::::::::....-f-~d--~~r--i------+---,.--.._;.....'---\.-----i-----+----l 
0 
~ 
> w 
Lrl 185.5-+----+-----f-----__..----+--->.1----+-------+-----'I 
w 
0 
<( 
LL 
a: 
:::> 185.0 4 -----+-----;--- ·----+-------+----; 
CJ) 
a: 
w 
~ 
3: 184.5-1'-----------;-----------+------+-----+------I 
184.0....i;..,..,..,~~~~.,.....,..,.,..,.,..,.,.....~..........,.,.....,..,.,.,..,.,.,................+.....,.,.....,.,..,.,.,...., .......................... .,..,.,.,....,.........,....l'TTTTT'O........,...,............~~ ........................... 
03/10/94 03/11 /94 03/12/94 03/13/94 03/14/94 03/15/94 03/16/94 
DATE 
l 
J 
l 
t 
z 
0 
~ 
w 
_J 
w 
w 
u 
<{ 
LL 
0:::: 
:J 
Cf) 
0:::: 
w 
I-~ 
SGD 
Well Name: Jacks Dairy No.7 Status: Active 
Well Number: 18S/6E-9M2 Depth: 589 feet 
Elevation : 199 feet" Perforations: 159 - 588 feet 230 __;.=-:...:...=::~..:...:,...:-==~~~~~~~~~~~~~--,-~~~-,.-~~~-,-:.._::.:...:..::..:.=-=.::.:r-::..::__::..=...=.::.; 
3 
220 ~·~~~-l-~~~+--~~-+-~~~+-~~-t-~~~-'-~~-l...~~~-i-~~---i 
~ 
200 i-----------------~\_-_-_-_-_-_-1~-----~-~-~-n+_-s-~-~-~-~-~-l;+a-~-~---_-_-_-_+!-_-_-_-_-_-_~1-____________ 1~'--_-_-_-_-_~ _ 
-i I I 
--l I i 
190 ~·~;~~~-1--~~--l~~~-1-~~~-1--~~--t~~~~~~~-+-~~--+I~~~ 
~ 
140 
1930 1940 1950 1960 1970 1980 1990 200:0 
YEAR 
z 
0 
~ 
w 
_J 
w 
w 
~ 
LL 
oc 
::i 
(f) 
oc 
w 
f-
~ 
Well Name: Unknown Status: Unknown 
Well Number: 18S/6E-15F1 Depth: Unknown 
Elevation· 212 feet* Perforations· Unknown 230 -~, =-:.=-==-=:..:..::,-1 :..=...::..:~~-,...~~~-,-~~~-.-~~~-,--~~~-,-~~~~! ...::.:..:::::=-:~:..:....:;:.:_:.:.:_:_::..::.:..:~~ 
220 --"~~~--+-~~~-+~~~-+~~~-+-~~~-f-~~~-+-~~~-'-~~~-L-~~--1 j I i 
-j ' Groun~ Surface Elev$tion l 
--r---- --;------- - ------ ------=+------- ------1-------'l------- -------
200 -~~:~~~'--!~~-t-~~-+tt-~~f--~~+-~~--+-1 ~~--;,l~~~+l~~---1 
3 I / ,\ , I r A 
210 
190 ~ i I ., i \_ ' I ~ 1, \ \M ,.., r \ 180 -1--t-~~~-;-~~~-;-~~--<1~~--'1r-t1~-\Hllt-+~1H'l-4----+li't--J'---+--H-~--1~-+-~~~~ ~ I 1 ~ ' v I '{1'7 \ i 1 
170 ~~~~-'-~~~-+~~~-+-~~--'u-+-~~~-t-~~~__,_~~-•--+-~~-h~-~~---< 
~ ! I I : y 1!.\ 
=1 ! I ! v 
160 -;~:~~~-'-1~~~-+~~~-t-~~~-+-~~~~l~~~--tli~~~-Lii~~~-+~~~~ 
150 --":~~~--t-1~~~--t~~~-1-~~~-+-~~~-+-~~~-l-~~~+-~~~+-~~--1 
J, I I i 1. I l I 140 ---l,~~~--'-~~~--+~~~-+~~~-+~~~-+-, ~~~-+-~~~-i-~~~+i~~~~ 
=1 1 I 
j 11 ,i 130 --"'-,...-,--,-,---.;.· --,--,---,-.,-t-,--,--,-,-+-.---,-,--.--+---,--,--,-,-+--.-.--r--,--l-,-,-,...~-+-.-r--,--,---+-,--,--,--.--1 i I I I I ! I I I I I I I I I I ' ; I l l I l l l ' I I I ' I i I I I I I I I I 
! 
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 
YEAR 
J 
l 
230 
220 
210 
~ 200 
~ 
z 
0 190 i== 
4: 
> w 
_J 
w 180 w 
0 
4: 
u.. 
Ct'. 
:J 170 ({) 
Ct'. 
UJ 
1--
~ 160 
150 
140 
130 
·well Name: Unknown 
Well Number: 18S/6E-11 J1 
Elevation- 212 feet* 
~ 
~ 
~ 
-j 
I 
Grounc 
i 
I 
Surface Elevation 
SGD 
Status: Unknown 
Depth: Unknown 
Perforations· Unknown 
--+------ ~------ ------- ------ - - - - - - -i-- - - - - - - ------ - ---- - 1--------
_j 
I I 
I 
I ! 
~ 
--< I 
_j I 
' 
--i 
---, i 
--! i 
' 
_J 
I I ~ \lM~ ,A ~ I -i I I I i I I ! ~ 
--j i \ , :' \ii' v '1 I ~ I 
' J l V' I ' I I I _J I I I I I 
_J I 
I 
! v I --j : 
--' 
i I I I 
! ! 
3 
i ! ! 
I 
i 
I 
! 
~ 
• 
! 
1 ! 
--j I 
I I I I I I I I I I I I I I I I I I I I I I i I I I I I I I I I I I I I I I I 
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 
YEAR 
230 
220 
210 
a; 200 
~ 
z 
0 190 i= 
< 
> w 
_J 
w 180 w 
~ 
LL 
n:: 
:J 170 (/) 
n:: 
w 
I-~ 160 
150 
140 
130 
Well Name: Jacks Dairy 14 (No.2) 
Well Number: 18S/6E-1481 
Elevation· 221 feet 
-' i 
J Grounc Surface ElevLon 
Status: Active 
Depth: 600 feet 
Perforations· 57-470 feet 
_; 
-------- ------- ------- ------- -------"------- ---.- - -- ------- -------
- I 
--; 
I -
- I I I -
I 
I 
--, 
- I 
I 
t 
--; If\ - \ . ~ I • 
-
I ~ W\lf\ rr \ - J j .I \ 
\IH " \J \ I I --, --; 
-
I 
' 
I v 
--' 
I I 
__; 
-· 
I 
I 
-
I 
I 
__; I 
- I I - I 
I 
-
--' I 
--, I I 
I 
I I 
I 
--, 
I 
.._, I 
- I I - I 
; I I I I I I T I I I I I I I I I I I I I I I I I I I ; I I I 1 I I I I I I I I I I 
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 
YEAR 
1 
l 
1 
I 
l 
240 
230 
220 
Q) 210 
~ 
z 
0 200 f:= 
<( 
> w 
_J 
w 190 w 
0 
<( 
LL.. 
a:: 
::i 180 Cf) 
a:: 
w 
I-
~ 170 
160 
150 
140 
Well Name: Unknown 
Well Number: 18S/6E-14R1 
Elevation- 231 feet 
~ I I 
______ J ___ ~~~~~~~~~~ _!io_D _____ 
--i-- - ---- -------
~ I I 
j I I 
~ I 
~ I 
~ I ~ I 
~ I N I Ml ~\ I 
-
I 
-, 
lM 
11 v 
-
' 
- I ~ 
' 
-
j I \ I' I I I i -1 I I -1 
3 I 
I 
I 
I ! ! i -1 
' I I -, I i 
-1 i I 
_J I 
-i I I 
~ I ! 
I I I I I I I I I I I I I I ! I I I I I I I I I I I I 
----- -
I 
SGD 
Status: Unknown 
Depth:207 feet 
Perforations· 102 - ? feet 
---- - - ~- -- ---
A 
I\ ~J \ 
1  \ ., A j 
I 
1 v { 
I 
I 
I 
I I i I I I I I I I I I 
I 
I 
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 
YEAR 
z 
0 
~ 
w 
_J 
w 
w 
() 
<{ 
LL 
0:: 
::) 
(/) 
0:: 
w 
t-
~ 
Well Name: Unknown Status: Active 
Well Number: 18S/6E-12A1 Depth: 244 feet 
Elevation: 222 feet Perforations: 87 - 202 feet 230 --;:=.:=:.::c:..:..:....::=;-.:..::..::.;__~---,~~~---,~~~--.-~~~--.~~~--.~~~---r-~=-=:=...:=..:r.:__:==-==.c'-, 
Ground Surface Elev tion 
190 
180 
170 
160 
150 
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 
YEAR 
230 
220 
210 
Q) 200 
~ 
z 
0 190 i== 
<( 
> w 
-' w 180 w 
() 
<( 
u. 
et:: 
::J 170 (/) 
et:: 
w 
I-~ 160 
150 
140 
130 
Well Name: Unknown 
Well Number: 18S/6E-5R2 
Elevation- 197 feet* 
~ 
-j 
~ 
~ j 
_J 
I __, 
-I I 
- I 
-- i j ------i------
~ 
_j 
--i 
~ 
! 
--; 
I 
_j 
I 
-
J 
I 
. .J I 
! 
I -
-
~ I I I I 
__, I 
I 
I I I I I : I I I 
-------
___ Qrqy[!_d 
I 
' I 
I I I I I I I I 
I 
I 
I 
i 
i 
I 
I 
I 
_S.!!ri?f.e_E~~a.!i.oJJ _____ 
; 
i 
! 
i 
! 
i 
I 
I 
I 
BGD 
Status: Unknown 
Depth: Unknown 
Perforations· Unknown 
------+------~------I 
"\a ~ LN'v\. IA 
,~ '1 : ~ ~\J I v I , 
i l/ i I I ! ! 
i 
' 
I 
I I I I I I I I I I I I I I I I I I I I I ; 
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 
YEAR 
230 
220 
210 
+"' 200 Q) 
~ 
z 
0 190 i== 
~ 
> w 
_J 
w 180 w 
() 
~ 
u... 
O'.'. 
:::J 170 CJ) 
O'.'. 
w 
I-
~ 160 
150 
140 
130 
Well Name: Unknown 
Well Number: 18S/6E-12R1 
Elevation- 225 feet 
- Ground 
-
------ ------- ------- ------
-
-
-
I 
-
-
-
-
-
-
-
3 
i 
I 
I 
' 
- ! 
'\ - i - I - I 
- I ~ -- I - I 
- ! 
-
I 
-
-
I 
- I 
- I -
- ! 
i 
-
- I 
- I -
-
-
-
-
I I I I I I I I I I I I I I I 
Surface Elev< ti on 
1---------------
I 
, J !\. .._ . 
I ~ \ .. ' 
\ 
1 
I 
I 
I 
I I I I I I I I 
------
rV' 
I I I I 
Status: Active 
Depth: 231 feet 
Perforations· 80-224 feet 
-------------
~ 
.... 
... 
I I I I I I I I 
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 
YEAR 
230 
220 
210 
a; 200 
~ 
z 
0 190 f:= 
<( 
> w 
_J 
w 180 w 
(.) 
<( 
u.. 
er 
:::J 170 Cf) 
er 
w 
I-~ 160 
150 
140 
130 
Well Name: Clark 
Well Number: 18S/6E-16L 1 
Elevation- 305 feet 
-
-
-
-
-
-
-
-
-j 
j 
-l 
j 
-i 
i 
__) 
-j 
~ 
~ 
I 
i 
_J 
~ 
i 
-
-
-
-
-
-
-
-
-
-
-
-
I I I I I I I I I I 
1910 1920 1930 
i 
I 
I 
I I I 
I 
i 
I 
I 
I i 
I ! 
I 
; 
i 
i I 
i I 
I I I I I I 
I ! 
I ! 
I i 
I ! I 
I 
I 
! 
i 
! 
I 
i 
I I 
I I 
I I I I I I I i i 
1940 1950 
I 
I 
I I I I 
1960 
YEAR 
i 
I 
I 
I 
I 
I 
I 
! 
i 
I 
~r 
i v I i 
I 
I 
I 
I 
I 
I 
I I I i I I I I 
BGD 
Status: Active 
Depth: 444 feet 
Perforations· 199 - 419 feet 
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Well Name: Unknown 
Well Number: 18S/6E-25F1 
Elevation· 257 feet• 
Status: Active 
Depth: Unknown 
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·well Name: Unknown 
Well Number: 18S/6E-27C1 
Elevation· 339 feet" 
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Status: Active 
Depth: Unknown 
Perforations· Unknown 
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Well Name: Unknown 
Well Number: 18S/6E-34B1 
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Status: Unknown 
Depth: 265 feet 
Perforations· 82 - 220 feet 
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Well Name: Unknown 
Well Number: 18S/7E-28N1 
Elevation· 242 feet * 
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Well Name: Unknown 
Well Number: 18S/7E-28K1 
Elevation- 240 feet* 
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Well Name: Unknown 
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APPENDIX D 
WATER QUALITY DATA 
BGD 
ARROYO SECO HYDROGEOLOGJC S TUDY - WA TER QUALITY SUMMARY 
ALL VALUES IN MGIL OR UMHOS!CM 
Well ldent Sample Date Ca Mg Na K 504 HC03 Cl TDS Alkalinity Hardness Fe C03 N03 Mn pH EC 
18/6-15M01 09/15/83 52 .00 13.00 20 .00 3.10 53 00 184.87 13.00 140.00 178.00 7.10 7.70 440.00 
18/6-21 Q01 07108185 118.00 30.00 48.00 5.00 100.00 242.83 135.00 134.00 408.00 43.40 940.00 
18/6-25F01 07/08/85 27 .00 11 .00 48.00 3.80 67.00 132.00 7.00 132.00 116.00 14.60 440.00 
18/6-26R01 09/13/84 51 .00 10.00 23 .00 2.00 78.00 150.70 7.00 128.00 172.00 8.00 7.10 445.00 
18/6-27A01 05/31/84 52.00 13.00 16.00 2.30 71 .00 152.53 9.00 130.00 183.00 0.10 11 .50 0.00 7.40 428.00 
18/6-28J01 07108185 102.00 23 .00 42.00 4.60 108.00 140.00 81 .00 140.00 340.00 43.40 790.00 
18/6-34801 08/31/81 68.00 17.00 25.00 2.40 75.00 179.38 38.00 127.00 236.00 23.00 7.70 550.00 
18/7-18K01 09/15/83 268.00 108.00 282.00 6.30 960.00 414.28 255.00 296.00 1150.00 44.30 7.60 2950.00 
1817-19802 08/12/85 316.00 126.00 206.00 6.90 800.00 674.19 230.00 300.00 1280.00 66.50 7.50 2550.00 
18/7-20K01 06/30/86 320.00 154.00 310.00 8.00 325.00 330 .00 1380.00 119.60 7.30 3250.00 
18/7-28K01 05/30/84 191 .00 114.00 331 .00 6.10 938.00 427.09 222 .00 312.00 946.00 0.04 38.10 0.00 7.40 2900.00 
18/7-29801 09/28/81 406.00 174.00 268.00 5.40 1240.0C 550.95 330.00 314.00 1740.00 137.30 7.60 3500.00 
18/7-29J01 07122/83 334.00 122.00 408.00 7.20 1300.0C 480.78 295.00 336.00 1480.00 84.20 7.30 3800.00 
18/7-29M01 07/08/85 206.00 95.00 174.00 6.40 590.00 453.33 175.00 298.00 860.00 73.10 2080.00 
18/7-32G02 07/05/85 170.00 70.00 157.00 5.30 355.00 521 .66 155.00 302.00 650.00 55.40 1660.00 
19/6-01 H01 07/08/85 98.00 24.00 64.00 5.40 150.00 200.00 39.00 200.00 336.00 44.30 830.00 
19/6-03E02 07/20/90 52.00 14.00 19.00 2.30 84.00 130.00 11 .00 130.00 5.10 7.90 479.00 
19/6-12A01 07121/83 122.00 35.00 82.00 6.10 208 .00 122.00 148.00 122.00 448.00 60.20 7.70 1195.00 
19/7-04001 07/21/83 125.00 44.00 88.00 4.20 140.00 326.42 172.00 184.00 412.00 39.80 7.40 1175.00 
19/7-11 J02 06/24/86 114.00 53.00 120.00 4.00 286.00 373.40 65.00 246.00 510.00 90.80 7.50 1276.00 
Arroyo Sec 38.00 9.00 11 .00 2.20 42.00 131 .18 5.00 204 .00 0.00 8.20 306.00 
HUDSON-D 09/02/93 55.00 15.00 25.00 3.20 88.00 166.00 14.00 166.00 16.00 7.80 515.00 
HUDSON-S 09/02/93 67.00 11 .00 36.00 4.00 101.00 157.00 18.00 162.00 5.00 7.00 8.70 567.00 
L.COCHES-D 09/14/93 47.00 12.00 22.00 2.80 95.00 142.00 18.00 142.00 1.00 8.20 475.00 
L.COCHES-M 09/14/93 35.00 9.10 20.00 2.30 88.00 112.00 14.00 112.00 3.00 8.20 368.00 
L.COCHES-S 10/13/93 78.00 15.30 29 .00 3.40 99.00 174.00 14.00 174.00 25.00 8.20 591 .00 
Source of Data: Monterey County Water Resources Agency 
ARROYO SECO HYDROGEOLOGIC S TUDY - WATER QUALITY SUMMARY 
ALL VALUES IN MG!l OR UMHOS/CM 
Well ldent Sample Date Ca Mg Na K 504 HC03 Cl TDS Alkalinity Hardness Fe C03 N03 Mn pH EC 
17/6-1 6N01 07/11/85 94.00 42.00 131 .00 5.20 265.00 308.11 110.00 194.00 400.00 19.50 7 .40 1195.00 
17/6-17R01 10/07/83 93 .00 42.00 100.00 4.50 270.00 233.07 106.00 218.00 384.00 8.00 7.50 1200.00 
17/6-18G01 07/11/85 80.00 32.00 84.00 4.30 200.00 269.68 62.00 174.00 324.00 3.50 7.40 880.00 
17 /6-19001 07/27/82 171 .00 64.00 241 .00 6.30 525.00 464.31 145.00 286.00 660.00 106.50 7.40 1950.00 
17/6-20K01 07127/83 85.00 47.00 82.00 3.10 245.00 245.27 87.00 212 .00 388.00 10.60 7 .50 1090.00 
17/6-20002 07/08/85 112.00 69.00 146.00 4.50 340.00 382.55 132.00 266 .00 560.00 40.80 1475.00 
17/6-20003 05/31/84 150.00 65.00 112.00 3.50 385.00 330.08 133.00 276.00 642.00 0.00 37.20 0.00 7.30 1580.00 
17/6-27E03 07/10/85 70.00 41 .00 125.00 3.80 205.00 334.96 74.00 228.00 350.00 34.60 1050.00 
17/6-28N01 10/20/81 112.00 26.00 55.00 4.40 188.00 199.00 40.00 199.00 382.00 42.10 8.00 900.00 
17/6-29C01 05/31/84 160.00 54.00 63 .00 3.30 349.00 661 .99 93.00 230.00 622.00 0.03 59.60 0.00 7 .80 1360.00 
17/6-30F01 07127/83 131 .00 36.00 38.00 4.40 220.00 204.00 63.00 204.00 460.00 16.40 7.60 990.00 
17/6-32J02 08/31/81 54.00 14.00 26.00 2.50 66.00 128.00 14.00 128.00 187.00 15.50 7 .90 450.00 
17/6-35F01 08107180 47.00 25.00 108.00 3.20 191 .00 183.00 59.00 575.00 183.00 1.50 8.10 898.00 
17/6-35J01 09/13/84 43.00 17.00 80.00 2.00 125.00 213.54 30.00 178.00 200.00 8.40 7.20 710.00 
18/6-01E01 05/30/84 242.00 76.00 143.00 6.60 577.00 302.00 179.00 302.00 917.00 0.04 97.50 0.01 7.20 2120.00 
18/6-02N01 07/10/85 96.00 26.00 64.00 5.30 190.00 174.00 39.00 174.00 344.00 44.30 830.00 
18/6-03P01 07127/83 41 .00 11 .00 14.00 2.20 49.00 116.00 6.00 116 .00 144.00 4 .00 7.50 360.00 
18/6-05H01 09/28/81 41 .00 8.00 16.00 1.90 49.00 104.00 10.00 104.00 139.00 3.30 7 .70 325.00 
18/6-07A01 07/10/85 102.00 31 .00 67.00 4.40 90.00 196.00 117.00 196.00 400.00 43.40 945.00 
18/6-08R01 07/26/82 96.00 23.00 41 .00 5.10 112.00 162.00 80.00 162.00 320.00 20.40 7.30 760.00 
18/6-09M02 05/31/84 88.00 23.00 29.00 3.30 90.00 225.75 73.00 171 .00 314.00 0.04 0.00 7.20 762.00 
18/6-11J01 08/08/80 152.00 46.00 70.00 6.20 339.00 168.00 114.00 942.00 168.00 568.00 37.20 7.90 1380.00 
18/6-12A01 07126/83 186.00 77.00 90 .00 4.30 480.00 306.89 142.00 232.00 770.00 37.70 7.60 1740.00 
18/6-14801 07/10/85 49.00 12.00 22.00 3.60 65.00 164.00 7.00 120.00 164.00 3.10 370.00 
18/6-14R01 10/07/83 47 .00 12.00 15.00 2.50 55.00 157.41 7.00 114.00 164.00 4.00 7.50 405.00 
18/6-15F01 09/15/83 80.00 18.00 25 .00 3.40 91 .00 227.58 16.00 176.00 276 .00 35.40 7 .70 625.00 
Source of Data: Monterey County Water Resources Agency 
Arroyo Seco Hydrogeologic Study - Water Chemistry ~ 
Well Identification 
L.COCHES-S 
Description l~ 
MCWRA Shallow Monitoring Well on Los Caches Ro 
Sample Date 10/13/93 
Milliequivalents per liter 
5 4 3 2 1 0 1 2 3 4 5 
Ca HC03+C03 ~ I Mg S04 / Na+K Cl 
Fe r- N03 
1 
I Water Type Calcium Bicarbonate 
Cations 
Ca Mg Na K Fe 
Milliequivalents per Liter 3.8922 1.2586 1.2615 0.08694 
Milligrams per liter 78.00 15.30 29.00 3.40 
Anions 
HC03 C03 S04 Cl N03 
Milliequivalents per liter 2.85186 2.06118 0.39494 0.40325 
Milligrams per Liter 174.00 99.00 14.00 25 .00 
Mn N02 P04 F 8 SI02 
TDS Hardness Alkalinity Conductivity pH SAR 
174.00 591.00 8.20 0.7861 
ARROYO SECO HYDROGEOLOG/C STUDY - WATER QUALITY SUMMARY 
ALL VALUES IN MG!l OR UMHOS!CM 
Well ldent Sample Date Ca Mg Na K 804 HC03 Cl TDS Alkalinity Hardness Fe C03 N03 Mn pH EC 
Salinas Ri 42.00 15.00 19.00 1.80 40.00 181 .21 14.00 244 .00 123.00 8.20 345 .00 
THORN-0 09/17/93 39 .00 12.00 21 .00 2.70 89.00 122.00 1000 122.00 0.00 2.00 8.20 413.00 
THORN-S 01/12/94 37.00 7.00 39.00 3.40 79.00 118.00 9.50 118.00 7.00 8.20 396 .00 
Source of Data: Monterey County Water Resources Agency 
Arroyo Seco Hydrogeo/ogic Study - Water Chemistry 
Description 
MCWRA Shallow Monitoring Well on Thome Rd. 
Well Identification 
THORN-S 
Sample Date 01112/94 
Milliequivalents per liter 
2 1.5 1 0.5 0 0.5 1 1.5 2 
Ca 
Mg 
Na+K 
Fe 
I Wate. Type Calcium Bicarbonate 
Cations 
Ca Mg Na K Fe 
Milliequivalents per Liter 1.8463 0.5758 1.6965 0.08694 
Milligrams per Liter 37.00 7.00 39.00 3.40 
Anions 
HC03 C03 S04 Cl N03 
Milliequivalents per Liter 1.93402 1.64478 0.26800 0.11291 
Milligrams per Liter 118.00 79.00 9.50 7.00 
Mn N02 P04 F B Sl02 
TDS Hardness Alkalinity Conductivity pH SAR 
118.00 396.00 8.20 1.5416 
Arroyo Seco Hydrogeologic Study - Water Chemistry 
Well Identification Description 
L.COCHES-M MCWRA Middle Monitoring Well on Los Caches Roa 
Sample Date 09/14/93 
Milliequivalents per liter 
2 1.5 1 0.5 0 0.5 1 1.5 2 
Ca 
Mg 
I Wat., Type Calcium Bicarbonate 
Cations 
Ca Mg Na K Fe 
Milliequivalents per Liter 1.7465 0.7486 0.8700 0.05881 
Milligrams per Liter 35 .00 9.10 20.00 2.30 
Anions 
HC03 C03 S04 Cl N03 
Milliequivalents per liter 1.83568 1.83216 0.39494 0.04839 
Milligrams per liter 112.00 88.00 14.00 3.00 
Mn N02 P04 F B SI02 
TDS Hardness Alkalinity Conductivity pH SAR 
112.00 368.00 8.20 0.7789 
I 
l 
Arroyo Seco Hydrogeologic Study -:- Water Chemistry 
Description 
MCWRA Shallow Monitoring Well on Hudson Rd. 
Well Identification 
HUDSON-S 
Sample Date 09/02/93 
Milliequivalents per liter 
5 4 3 2 1 0 1 2 3 4 5 
Ca 
Mg 
Na+K 
Fe 
I Wat" Type Calcium Bicarbonate 
Cations 
Ca Mg Na K Fe 
Milliequivalents per liter 3.3433 0.9049 1.5660 0.10228 
Milligrams per liter 67.00 11.00 36.00 4.00 
Anions 
HC03 C03 S04 Cl N03 
Milliequivalents per liter 2.57323 0.1667 2.10282 0.50778 0.11291 
Milligrams per liter 157.00 5.00 101.00 18.00 7.00 
Mn N02 P04 F B 8102 
TDS Hardness Alkalinity Conductivity pH SAR 
162.00 567.00 8.70 1.0745 
Arroyo Seco Hydrogeologic Study - Water Chemistry ~ 
Well Identification 
L.COCHES-D 
Description I 
MCWRA Deep Monitoring Well on Los Coches Road 
Sample Date 09/14/93 
Milliequivalents per liter 
5 4 3 2 1 0 1 2 3 4 5 
Ca HC03+C03 ~ I Mg S04 / Na+K Cl I 
Fe N03 
I Water Type Calcium Bicarbonate 
Cations 
Ca Mg Na K Fe 
Milliequivalents per Liter 2.3453 0.9871 0.9570 0.07160 
Milligrams per liter 47.00 12.00 22.00 2.80 
Anions 
HC03 C03 S04 CL N03 
Milliequivalents per Liter 2.32738 1.97790 0.50778 0.01613 
Milligrams per Liter 142.00 95.00 18.00 1.00 
Mn N02 P04 F B 8102 
TDS Hardness Alkalinity Conductivity pH SAR 
142.00 475 .00 8.20 0.7414 
Arroyo Seco Hydrogeologic Study - Water Chemistry 
Well Identification 
HUDSON-D 
Description 
MCWRA Deep Monitoring Well on Hudson Rd. 
Sample Date 09102193 
Milliequivalents per liter 
5 4 3 2 1 0 1 2 3 4 5 
I Wat" Type Calcium Bicarbonate 
Cations 
Ca Mg Na K Fe 
Milliequivalents per liter 2.7445 1.2339 1.0875 0.08182 
Milligrams per liter 55 .00 15.00 25 .00 3.20 
Anions 
HC03 C03 S04 Cl N03 
Milliequivalents per liter 2.72074 1.83216 0.39494 0.25808 
Milligrams per liter 166.00 88.00 14.00 16.00 
Mn N02 P04 F 8 SI02 
TDS Hardness Alkalinity Conductivity pH SAR 
166.00 515 .00 7.80 0.7711 
Arroyo Seco Hydrogeologic Study - Water Chemistry 
Well Identification 
1916-12AOJ 
Description 
Sample Date 07/21/83 
Milliequivalents per liter 
10 8 6 4 2 0 2 4 6 8 10 
Calcium Sulfate 
Cations 
Ca Mg Na K Fe 
Milliequivalents per liter 6.0878 2.8791 3.5670 0.15598 
Milligrams per liter 122.00 35.00 82.00 6.10 
Anions 
HC03 C03 S04 Cl N03 
Milliequivalents per liter 1.99958 4.33056 4.17508 0.97103 
Milligrams per liter 122.00 208.00 148.00 60.20 
Mn N02 P04 F B SI02 
TDS Hardness Alkalinity Conductivity pH SAR 
448.00 122.00 1195.00 7.70 1.6846 
Arroyo Seco Hydrogeologic Study - Water Chemistry 
Well Identification Description 
1916-03£02 
Sample Date 07120190 
Milliequivalents per liter 
5 4 3 2 1 0 1 2 3 4 5 
Ca 
Mg 
Na+K 
Fe 
I Water Type Calcium Bicarbonate 
Cations 
Ca Mg Na K Fe 
Milliequivalents per Liter 2.5948 1.1516 0.8265 0.05881 
Milligrams per Liter 52.00 14.00 19.00 2.30 
Anions 
HC03 C03 S04 CL N03 
Milliequivalents per Liter 2.13070 1.74888 0.31031 0.08226 
Milligrams per liter 130.00 84.00 11.00 5.10 
Mn N02 P04 F B SI02 
TDS Hardness Alkalinity Conductivity pH SAR 
130.00 479.00 7.90 0.6039 
Arroyo Seco Hydrogeologic Study - Water Chemistry 
Well Identification Description 
1916-0JHOJ 
Sample Date 07/08/85 
Milliequivalents per liter 
5 4 3 2 1 0 1 2 3 4 5 
Ca HC03+C03 ~ I Mg I S04 I / Na+K 
_) Cl 
Fe N03 
I Water Type Calcium Bicarbonate 
Cations 
Ca Mg Na K 
Milliequivalents per liter 4.8902 1.9742 2.7840 0.13808 
Milligrams per liter 98.00 24.00 64.00 5.40 
Anions 
HC03 C03 S04 Cl 
Milliequivalents per liter 3.27800 3.12300 l.10019 
Milligrams per liter 200.00 150.00 39.00 
Mn N02 P04 F B 
TDS Hardness Alkalinity Conductivity pH 
336.00 200.00 830.00 
Fe 
N03 
0.71456 
44.30 
SI02 
SAR 
1.5027 
-
I 
I 
Arroyo Seco Hydrogeologic Study - Water Chemistry ~ 
Well Identification Description I 1816-28JOI 
Sample Date 07/08/85 
Milliequivalents per liter 
10 8 6 4 2 0 2 4 6 8 10 
Ca HC03+C03 ~ Mg 804 
Na+K Cl [/ 
Fe N03 
I Wato Type Calcium Bicarbonate 
Cations 
Ca Mg Na K Fe 
Milliequivalents per liter 5.0898 1.8920 1.8270 0.11762 
Milligrams per liter 102.00 23 .00 42.00 4.60 
Anions 
HC03 C03 S04 Cl N03 
Milliequivalents per liter 2.29460 2.24856 2.2850 l 0.70004 
Milligrams per liter 140.00 108.00 81.00 43.40 
Mn N02 P04 F B 8102 
TDS Hardness Alkalinity Conductivity pH SAR 
340.00 140.00 790.00 0.9778 
Arroyo Seco Hydrogeologic Study - Water Chemistry 
Well Identification Description 
18/6-25FOI 
Sample Date 07/08/85 
Milliequivalents per liter 
5 4 3 2 1 0 1 2 3 4 5 
Ca HC03+C03 \ I Mg S04 / / Na+K Cl 
Fe N03 
I Water Type Sodium Bicarbonate 
Cations 
Ca Mg Na K Fe 
Milliequivalents per liter 1.3473 0.9049 2.0880 0.09717 
Milligrams per liter 27.00 11.00 48.00 3.80 
Anions 
HC03 C03 S04 Cl N03 
Milliequivalents per liter 2.16348 l.39494 0.19747 0.23550 
Milligrams per liter 132.00 67.00 7.00 14.60 
Mn N02 P04 F B SI02 
TDS Hardness Alkalinity Conductivity pH SAR 
116.00 132.00 440.00 l.9676 
~ 
I 
I 
I 
Arroyo Seco Hydrogeologic Study - Water Chemistry 
Well Identification Description 
18/6-14B01 
Sample Date 07/10/85 
Milliequivalents per liter 
5 4 3 2 1 0 1 2 3 4 5 
Ca 
Mg 
Na+K 
Fe 
I Water Type Calcium Bicarbonate 
Cations 
Ca Mg Na K Fe 
Milliequivalents per liter 2.4451 0.9871 0.9570 0.09205 
Milligrams per liter 49.00 12.00 22.00 3.60 
Anions 
HC03 C03 S04 Cl N03 
Milliequivalents per liter 2.68796 1.35330 0.19747 0.05000 
Milligrams per liter 164.00 65 .00 7.00 3.10 
Mn N02 P04 F B Sl02 
TDS Hardness Alkalinity Conductivity pH SAR 
164.00 120.00 370.00 0.7305 
Arroyo Seco Hydrogeologic Study - Water Chemistry 
Well Identification Description 
1816-IJJOJ 
Sample Date 08/08/80 
Milliequivalents per liter 
10 8 6 4 2 0 2 4 6 8 10 
Ca 
Mg 
Na+K 
Fe 
I Water Type Calcium Sulfate 
Cations 
Ca Mg Na K Fe 
Milliequivalents per liter 7.5848 3.7840 3.0450 0.15853 
Milligrams per liter 152.00 46.00 70.00 6.20 
Anions 
HC03 C03 S04 Cl N03 
Milliequivalents per liter 2.75352 7.05798 3.21594 0.60004 
Milligrams per liter 168.00 339.00 114.00 37.20 
Mn N02 P04 F B SI02 
0.0105 
TOS Hardness Alkalinity Conductivity pH SAR 
942.00 568.00 168.00 1380.00 7.90 1.2772 
I 
I 
Arroyo Seco Hydrogeologic Study - Water Chemistry 
Well Identification Description 
1816-08ROJ 
Sample Date 07/26/82 
Milliequivalents per liter 
5 4 3 2 1 0 1 2 3 4 5 
Ca HC03+C03 I Mg S04 
Na+K Cl / Fe N03 
I Water Type Calcium Bicarbonate 
Cations 
Ca Mg Na K Fe 
Milliequivalents per liter 4.7904 1.8920 1. 7835 0.13041 
Milligrams per liter 96.00 23.00 41.00 5.10 
Anions 
HCOJ C03 S04 Cl NOJ 
Milliequivalents per liter 2.65518 2.33184 2.25680 0.32905 
Milligrams per liter 162.00 112.00 80.00 20.40 
Mn N02 P04 F B SI02 
0.0632 
TDS Hardness Alkalinity Conductivity pH SAR 
320.00 162.00 760.00 7.30 0.9757 
~ 
I 
Arroyo Seco Hydrogeologic Study - Water Chemistry 
Well Identification Description 
MCWRA Deep Monitoring Well on Thorne Rd. I THORN-D 
SampLeDate 09/17/93 
Milliequivalents per liter 
2 1.5 1 0.5 0 0.5 1 1.5 2 
Ca HC03+C03 
Mg ~ I S04 
Na+K Cl v Fe N03 
I Water Type Calcium Bicarbonate 
Cations 
Ca Mg Na K Fe 
MilliequivaLents per Liter 1.9461 0.9871 0.9135 0.06904 
Milligrams per Liter 39.00 I 12.00 21 .00 2.70 i 
Anions 
HC03 C03 S04 CL N03 
MilliequivaLents per Liter 1.99958 0.0000 1.85298 0.28210 0.03226 
Milligrams per Liter 122.00 0.00 89.00 10.00 2.00 
Mn 
I 
N02 P04 F B SI02 
TDS i Hardness Alkalinity Conductivity pH SAR 
I 122.00 413 .00 8.20 0.7543 
-
I 
I 
I 
Arroyo Seco Hydrogeologic Study - Water Chemistry 
Well Identification Description 
1816-07AOJ 
Sample Date 07/10/85 
Milliequivalents per liter 
10 8 6 4 2 0 2 4 6 8 10 
Ca 
Mg 
I Water Typ• Calcium Chloride 
Cations 
Ca Mg Na K Fe 
Milliequivalents per liter 5.0898 2.5501 2.9145 0.11251 
Milligrams per liter 102.00 31.00 67.00 4.40 
Anions 
HC03 C03 S04 Cl N03 
Milliequivalents per liter 3.21244 1.87380 3.30057 0.70004 
Milligrams per liter 196.00 90.00 117.00 43.40 
Mn N02 P04 F 8 SI02 
TDS Hardness Alkalinity Conductivity pH SAR 
400.00 196.00 945.00 1.4912 
Arroyo Seco Hydrogeologic Study - Water Chemistry 
Well Identification Description 
1816-0SHOJ 
Sample Date 09/28/81 
Milliequivalents per liter 
5 4 3 2 1 0 1 2 3 4 5 
Ca 
Mg 
Na+K 
Fe 
I w.,,, Type Calcium Bicarbonate 
Cations 
Ca Mg Na K 
Milliequivalents per liter 2.0459 0.6581 0.6960 0.04858 
Milligrams per liter 41 .00 8.00 16.00 l.90 
Anions 
HC03 C03 S04 Cl 
Milliequivalents per liter l.70456 l.02018 0.28210 
Milligrams per liter 104.00 49.00 10.00 
Mn N02 P04 F B 
TDS Hardness Alkalinity Conductivity pH 
139.00 104.00 325 .00 7.70 
Fe 
N03 
0.05323 
3.30 
8102 
SAR 
0.5986 
I 
I 
Arroyo Seco Hydrogeologic Study - Water Chemistry 
Well Identification Description 
18/6-02NOJ 
Sample Date 07/10/85 
Milliequivalents per liter 
5 4 3 2 1 0 1 2 3 4 5 
Ca 
Mg 
Na+K 
I Wate. Type Calcium Sulfate 
Cations 
Ca Mg Na K Fe 
Milliequivalents per Liter 4.7904 2.1388 2.7840 0.13552 
Milligrams per liter 96.00 26.00 64.00 5.30 
Anions 
HC03 C03 S04 Cl N03 
Milliequivalents per liter 2.85186 3.95580 1.10019 0.71456 
Milligrams per Liter 174.00 190.00 39.00 44.30 
Mn N02 P04 F B SI02 
TDS Hardness Alkalinity Conductivity pH SAR 
344.00 174.00 830.00 1.4957 
Arroyo Seco Hydrogeologic Study - Water Chemistry ~ 
Well Identification Description 
I 1816-0IEOI 
Sample Date 05/30/84 
Milliequivalents per liter 
20 15 10 5 0 5 10 15 20 
Ca HC03+C03 ~ ~ Mg 804 / Na+K Cl ~ LI Fe N03 
I Water Type Calcium Sulfate 
Cations 
Ca Mg Na K Fe 
Milliequivalents per liter 12.0758 6.2518 6.2205 0.16876 0.0021 
Milligrams per liter 242.00 76.00 143.00 6.60 0.04 
Anions 
HC03 C03 S04 Cl N03 
Milliequivalents per liter 4.94978 12.01314 5.04959 1.57268 
Milligrams per liter 302.00 577.00 179.00 97.50 
Mn N02 P04 F B 8102 
0.0004 0.0158 
TOS Hardness Alkalinity Conductivity pH SAR 
917.00 302.00 2120.00 7.20 2.0549 
Arroyo Seco Hydrogeologic Study - Water Chemistry 
Well Identification Description 
17/6-35F01 
Sample Date 08/07/80 
Milliequivalents per liter 
5 4 3 2 1 0 1 2 3 4 5 
Ca 
Mg 
I Wat" Type Sodium Sulfate 
Cations 
Ca Mg Na K Fe 
Milliequivalents per liter 2.3453 2.0565 4.6980 0.08182 
Milligrams per liter 47.00 25.00 108.00 3.20 
Anions 
HC03 C03 S04 Cl N03 
Milliequivalents per liter 2.99937 3.97662 1.66439 0.02419 
Milligrams per liter 183.00 191.00 59.00 1.50 
Mn N02 P04 F 8 SI02 
TDS Hardness Alkalinity Conductivity pH SAR 
575 .00 183.00 898.00 8.10 3.1667 
Arroyo Seco Hydrogeologic Study - Water Chemistry ~ 
Well Identification Description 
I 17/6-32J02 
Sample Date 08/31/81 
Milliequivalents per liter 
5 4 3 2 1 0 1 2 3 4 5 
Ca HC03+C03 ~ I Mg S04 I Na+K Cl 
u Fe N03 
I Water Typ• Calcium Bicarbonate 
Cations 
Ca Mg Na K Fe 
Milliequivalents per liter 2.6946 1.1516 1.1310 0.06393 
Milligrams per liter 54.00 14.00 26.00 2.50 
Anions 
HC03 C03 S04 Cl N03 
Milliequivalents per liter 2.09792 1.37412 0.39494 0.25001 
Milligrams per liter 128.00 66.00 14.00 15 .50 
Mn N02 P04 F B SI02 
TDS Hardness Alkalinity Conductivity pH SAR 
187.00 128.00 450.00 7.90 0.8156 
Arroyo Seco Hydrogeologic Study - Water Chemistry 
Well Identification Description 
17/6-30FOJ 
Sample Date 07/27/83 
Milliequivalents per liter 
10 8 6 4 2 0 2 4 6 8 10 
Ca 
Mg 
Na+K 
Fe 
I Water Type Calcium Sulfate 
Cations 
Ca Mg Na K Fe 
Milliequivalents per liter 6.5369 2.9614 1.6530 0.11251 
Milligrams per liter 131.00 36.00 38.00 4.40 
Anions 
HC03 C03 S04 Cl N03 
Milliequivalents per liter 3.34356 4.58040 1.77723 0.26453 
Milligrams per liter 204.00 220.00 63 .00 16.40 
Mn N02 P04 F B 8102 
TDS Hardness Alkalinity Conductivity pH SAR 
460.00 204.00 990.00 7.60 0.7585 
Arroyo Seco Hydrogeologic Study - Water Chemistry 
-Well Identification Description 
I 17/6-28NOI 
Sample Date 10/20/81 
Milliequivalents per liter 
10 8 6 4 2 0 2 4 6 8 10 
Ca HC03+C03 ~ \ Mg S04 I / Na+K Cl 
u Fe N03 
I Water Type Calcium Sulfate 
Cations 
Ca Mg Na K Fe 
Milliequivalents per liter 5.5888 2.1388 2.3925 0.11251 
Milligrams per liter 112.00 26.00 55 .00 4.40 
Anions 
HC03 C03 S04 Cl N03 
Milliequivalents per liter 3.26161 3.91416 1.12840 0.67907 
Milligrams per liter 199.00 188.00 40.00 42.10 
Mn N02 P04 F B SI02 
TDS Hardness Alkalinity Conductivity pH SAR 
382.00 199.00 900.00 8.00 1.2172 
I 
I 
Arroyo Seco Hydrogeologic Study - Water Chemistry 
Well Identification Description 
1716-27£03 
Sample Date 07/10/85 
Milliequivalents per liter 
10 8 6 4 2 0 2 4 6 8 10 
Ca HC03+C03 \ Mg S04 / / Na+K Cl v Fe N03 
I Water Type Sodium Sulfate 
Cations 
Ca Mg Na K Fe 
Milliequivalents per Liter 3.4930 3.3727 5.4375 0.09717 
Milligrams per Liter 70.00 41 .00 125.00 3.80 
Anions 
HC03 C03 S04 CL N03 
Milliequivalents per liter 3.73692 4.26810 2.08754 0.55810 
Milligrams per liter 228.00 205 .00 74.00 34.60 
Mn N02 P04 F B SI02 
TDS Hardness Alkalinity Conductivity pH SAR 
350.00 228.00 1050.00 2.9348 
-I 
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APPENDIX E 
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General Statement 
A location for the infiltration testing was selected following review of hydrogeologic data, 
soil types, property ownership, and proximity to an existing water source. The site selected is 
shown on Plate E-1 - Infiltration Test Location Map. The test site is approximately 1,500 feet 
east of the main channel of the Arroyo Seco and is situated on soils classified as Psamments and 
Fluvents in the Monterey County Soil Survey (USDA, 1978). Agency staff assisted in securing 
an agreement with the property owners to construct a test pit and several shallow monitoring 
wells and permission to utilize an existing agricultural supply well during the test. Field 
activities for the infiltration test were performed between October 18 and November 12, 1993. 
Monitoring Well and Test Pit Construction 
Prior to initiating field operations, test conditions were simulated using a computer model 
(MODFLOW) to assist in the design of the test pit and observation well network. Based on the 
results of this analysis, a test pit approximately 20 feet square was constructed. Four 
observation wells were drilled and constructed prior to pit construction, one within the pit in the 
southeast quadrant, the other three around the perimeter of the pit. The orientation of the test 
pit and the locations of the four observation wells with respect to the pit are shown on Plate E-1. 
Drilling and observation well construction commenced on October 18. The drilling 
contractor was Exploration Geoservices, Inc., of San Jose, California, and drilling equipment 
consisted of a Mobile B-40 auger rig, 8-inch-outside-diameter, hollow-stem augers, and a 
support truck. Each monitoring well consisted of 2-inch-diameter, schedule 40 PVC joined 
together with slip couplers and solvent cement. The bottom 10-foot section of each casing string 
was perforated with 0.020 inch, horizontal slots. The casings were installed into each boring 
through the auger upon reaching the final depth, then the augers were removed and the annular 
space was backfilled with cuttings. The first boring (OW-1) was advanced to a depth of 50 feet, 
approximately 12 feet beyond the depth at which saturation was thought to occur. Upon 
installation of the well casing, the static water level in the well was measured to verify the depth 
to water at the test site. The static water level OW-1 following completion of the well was 
determined to be at a depth of approximately 39.8 feet below the ground surface. Each of the 
other three wells were then completed to a depth of approximately 45 feet. Lithologic logs for 
each of the four wells are contained at the end of this Appendix. A well completion summary 
is presented in Table E-1 - Infiltration Test Observation Wells, Completion Summary. 
The infiltration pit was constructed on November 1, 1993, following construction of the 
observation wells. The dimensions of the test pit measured approximately 20x20x3.5 feet. Well 
No. OW-1 was located within the southwest quadrant of the test pit. Upon completion of test 
pit construction, the annulus around the well casing for OW-1 was sealed with volclay grout to 
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a depth of approximately 2 feet below the ground surface for the purpose of preventing water 
from moving preferentially through the disturbed annular space. 
OW-1 
OW-2 
OW-3 
OW-4 
Table E-1. Infiltration Test Observation Wells, Completion Summary 
(all depths approximate from ground surface) 
49.5 39.5 to 49.5 1.76 6.91 11.99 16.67 22.12 
44.5 34.5 to 44.5 4.16 9.31 14.39 19.07 24.52 
45.0 35.0 to 45.0 3.88 9.03 14.11 18.79 24.24 
46.0 36.0 to 46.0 4.00 9.15 14.23 18.91 24.36 
26.77 
29.17 
28.89 
29.01 
Test Procedures 
Upon completion of the observation well and test pit construction, the final elements of 
the testing procedures were installed. Two 21,000-gallon Baker tanks were utilized for water 
storage. The tanks were connected and a water supply line was routed to the test pit. A 4-inch, 
totalizing flowmeter was installed on the main pipeline exiting the tanks. The line was then 
reduced to a diameter of 3 inches. A valve was installed on the 3-inch line near the test pit that 
could be closed to direct water through a 2-inch line once the infiltration rate dropped into the 
30 to 40 gallons per minute (gpm) range. A second totalizing flowmeter and float valve was 
installed on the end of the 2-inch diameter line. The float valve allowed for the maintenance 
of a constant water level in the test pit. The water level in the pit was maintained manually 
while the 3-inch-diameter line was in use. One of the tanks was equipped with a water level 
measuring device that was used to verify the accuracy of the two meters. The water source for 
the test was a nearby agricultural well. 
The observation wells allowed for the collection of water level and soil moisture data. 
Each well was equipped with a pressure transducer connected to a microprocessor data logger 
that recorded water levels at preprogrammed intervals. Soil moisture data were collected at 
approximate 5-foot intervals to a maximum depth of about 30 feet using a neutron probe 
manufactured by Campbell-Pacific Nuclear (CPN) of Martinez, California (Model 501 
Hydroprobe). The relative elevations of the reference points of each well casing were 
established through surveying and arbitrarily setting the reference point elevation for OW-1 to 
220.00 feet (derived from Agency topographic map). The depths below ground surface at which 
soil moisture readings were taken in each well are provided in Table E-1. Background water 
level and soil moisture data were collected prior to the initiation of the test. 
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Test Results 
A preliminary test was conducted on October 28, 1993, with the intent of collecting data 
necessary to make the final logistical adjustments in preparation for the formal testing. During 
the preliminary test, the test pit was filled with water and observations were recorded regarding 
the initial infiltration characteristics and soil moisture conditions. 
Following the performance of the preliminary test, the pit was allowed to dry for a period 
of approximately 1 week. Formal testing consisted of a constant head test for approximately 6 
days. At the close of the test, the water level in the pit was raised to assess the sensitivity of 
the infiltration rate to changes in head. 
Infiltration Rates. Formal testing was conducted between 2 p.m. on November 4 and 
4 p.m. on November 10, 1993. The 2-inch float valve was positioned in the test pit such that 
the average water depth throughout the test period would be maintained at approximately 1 foot. 
The wetted area at this configuration was approximately 300 square feet. The initial flow rate 
into the test pit was approximately 150 gpm, and the test water depth of 1 foot was attained in 
approximately 24 minutes. The initial infiltration rate was approximately 78 feet per day (ft/d). 
This rate decreased rapidly during the first 1,000 minutes of the test to a rate of approximately 
22 ft/d. Between approximately 1,000 minutes and 5,000 minutes, the rate decreased steadily 
to approximately 16 ft/d. The infiltration rate during the final 3,500 minutes remained relatively 
stable at approximately 14 ft/d. These data are presented graphically on Plate E-2 - Infiltration 
Test Rates. 
Prior to termination of the test, the water depth within the test pit was increased to 
approximately 2 feet. In response to this increase, the initial infiltration rate increased to 
approximately 40 ft/d. 
Water Level Data. Background water level data were collected prior to the infiltration 
test beginning on November 1. These data are presented on the hydrographs included in this 
appendix, and exhibit cyclical fluctuations in the water levels that appear to be related to the 
operation of a nearby irrigation well. The timing of the observed drawdown periods is 
coincident with a typical irrigation schedule; beginning at approximately 5 a.m. and ending at 
approximately 3 p.m. The magnitude of the apparent drawdown in Well Nos. OW-1, OW-2, 
and OW-4 is approximately 0.2 foot. In Well No. OW-3, however, the magnitude of the 
apparent drawdown is on the order of 1.2 feet. The reason for the greater magnitude of 
drawdown observed in OW-3 is not readily apparent as all four wells were similar in 
construction details and completed in a similar hydrogeologic environment. It is possible that 
OW-3 penetrates and is completed in a lens that is in a greater degree of hydraulic 
communication with the unidentified production well than are the other three wells. 
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Data collected from the four observation wells during the test are also presented on the 
hydrographs. All four hydrographs show the rise of the water table upon initiation of the test, 
then a slow, steady decline in the water surface throughout the remainder of the test in response 
to the reduced infiltration rate. The magnitude of the initial increases of water levels in Well 
Nos. OW-1 through OW-4 were 1.0, 0.9, 0.7, and 1.0 feet, respectively. Towards the end of 
the test period, water level response had stabilized at approximately 0.5, 0.5, 0.3 and 0.4 feet 
for Well Nos. OW-1 through OW-4, respectively. Water level declines correspond to the slower 
infiltration rate as the test progressed, under constant head conditions. Each graph also exhibits 
a spike in the latter portion of the test related to the period during which the water level in the 
test pit was increased, immediately prior to the termination of the test. 
Soil Moisture Data. Background and test soil moisture data are presented in graphical 
and tabular form at the end of this appendix. Background data show a soil moisture content 
range averaging approximately 15.75 percent of soil volume near the ground surface to 
approximately 17.0 percent at a depth of approximately 30 feet below ground surface. 
In general, data collected from the four observation wells during the test exhibit an initial 
increase in volumetric water content at the beginning of the test, then a slow decline in soil 
moisture content throughout the remainder of the test. Well Nos. OW-1, OW-2, and OW-4 
exhibit this trend in soil moisture content throughout the entire measured depth of the soil 
column. In Well No. OW-3, however, an increase in soil moisture is observed beginning at a 
depth of approximately 18 feet, with little or no increase in volumetric water content observed 
above 18 feet. The lack of an observed increase in soil moisture above 18 feet in OW-3 is 
attributed to its greater distance from the infiltration test pit than the other wells. 
During the test, volumetric water content ranged between approximately 20 and 30 
percent in Well Nos. OW-1, OW-2, and OW-4. However, Well No. OW-I, located in the 
southeast quadrant of the infiltration test pit, exhibited volumetric water content as high as 38.82 
percent at a depth of 1. 76 feet below the bottom of the pit, which is interpreted to represent 
saturated soil conditions. Soil moisture content in Well No. OW-3 was not observed to exceed 
21 percent during the test period. Each well also exhibited a second increase in volumetric 
water content in the latter portion of the test that is attributed to the increase in the water level 
in the test pit prior to the termination of the test. 
Analysis 
The data collected during the infiltration testing program provide significant understand-
ing to the mechanisms that control infiltration in sediments in the study area. The objective of 
the infiltration test program was to measure the infiltration capacity of the sediments in the study 
area, assess the response of the ground water system to extended infiltration and to examine the 
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changes in the unsaturated materials above the water table. From these data, an understanding 
of the degree of mounding and the extent of lateral spreading within the unsaturated zone could 
be developed. 
The water level response to a stabilized infiltration rate of approximately 15 ft/d or 
recharge rate of approximately 28 gpm over the test pit area over a period of 7 days was an 
increase in the water table surface under the pit of approximately 0.5 feet diminishing to 0.3 feet 
at a distance of 20 feet from the edge of the pit. Utilizing the analytical solution developed by 
Hantush (1967), the aquifer response is relatively consistent with that predicted utilizing an 
aquifer transmissivity of approximately 100,000 gpd/ft and a storativity value of 0.17 
(dimensionless). The aquifer transmissivity value is lower than the that documented in local 
aquifer tests and other available data. The lower aquifer transmissivity likely represents the 
effect of localized low permeability lenses that may limit the effective thickness of the aquifer 
system at the test location, locally reducing transmissivity. Given the depositional environment 
and the resulting variability of the aquifer materials, localized variations in aquifer transmissivity 
are to be anticipated in the area. 
The soil moisture data documents the degree of saturation between the bottom of the test 
pit and the water table. These data show that flow under the pit is occurring under unsaturated 
conditions. Review of the soil moisture profile from OW-1 reveals that immediately under the 
pit the soil materials become saturated with the moisture content rapidly decreasing with depth. 
Below a depth of 30 feet no significant change in saturation is apparent. The data from the 
observation wells immediately adjacent to the pit show increase in saturation to depths exceeding 
30 feet. OW-3, located at a distance from the pit, shows no change in soil moisture conditions. 
The collected soil moisture data documents the occurrence and nature of unsaturated flow under 
the infiltration pit. The data suggests that the initial wetting front moves vertically downward 
under the influence of gravity, spreading laterally in response to capillary boundaries. The 
capillary boundaries result in the temporary perching of infiltration water and transient saturation 
conditions as the water moves through the soil column. This interpretation is also supported by 
the water level response that documents the variation in recharge rates resulting from this non-
steady flow. 
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Volumetric Determination of Infiltration Rate (Tank Levels). 
Start Start Start End End End 
Date Time Level Date Time Level 
04-Nov-93 14:00 0.35 04-Nov-93 14:45 1.66 
04-Nov-93 14:45 1.66 04-Nov-93 16:00 2.79 
04-Nov-93 16:00 2.79 04-Nov-93 17:34 4.09 
04-Nov-93 17:34 4.09 04-Nov-93 19:03 5.23 
04-Nov-93 19:14 3.39 04-Nov-93 23:54 6.44 
04-Nov-93 23:54 0.96 05-Nov-93 01 :57 2.04 
05-Nov-93 01 :57 2.04 05-Nov-93 08:09 5.03 
05-Nov-93 09:06 0.40 05-Nov-93 10:01 0.84 
05-Nov-93 10:01 0.84 05-Nov-93 16:34 3.90 
05-Nov-93 16:34 3.90 05-Nov-93 20:25 5.60 
05-Nov-93 21 :15 0.47 06-Nov-93 08:45 5.24 
06-Nov-93 08:45 5.24 06-Nov-93 10:31 5.93 
06-Nov-93 11 :03 0.65 06-Nov-93 12:01 1.03 
06-Nov-93 12:01 1.03 06-Nov-93 20:23 4.34 
06-Nov-93 20:52 0.81 07-Nov-93 09:25 5.45 
07-Nov-93 10:10 0.81 07-Nov-93 19:40 4.25 
07-Nov-93 19:40 0.81 08-Nov-93 15:35 7.29 
08-Nov-93 16:20 0.79 09-Nov-93 15:30 8.47 
09-Nov-93 16:20 1.01 1 O-Nov-93 10:32 6.90 
-
Elapsed Average 
Time Rate (gpm) 
45 119 
75 62 
94 57 
89 52 
280 45 
123 36 
372 33 
55 33 
393 32 
231 30 
690 28 
106 27 
58 27 
502 27 
753 25 
570 25 
1195 22 
1390 23 
1092 22 
·-
Average Rate 
{ft/day) 
77 
40 
36 
34 
29 
23 
21 
21 
21 
19 
18 
17 
17 
17 
16 
16 
14 
15 
14 
Test E.T. 
(min) 
45 
120 
214 
303 
594 
717 
1089 
1201 
1594 
1825 
2565 
2671 
2761 
3263 
4045 
4660 
5855 
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8432 
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PRETEST DATA % MOISTURE I VOLUME 
DATE.TIME POSITION/TUBE #1 #2 #3 #4 
10/26/93, 09 :00 1 15.60 15.09 16.47 15.68 
2 16.75 15 .31 16.39 13.94 
3 20.43 16.39 16.05 13.72 
4 17.90 16.61 16.25 16.53 
5 26.12 16.91 16.75 14.15 
6 17.63 18.05 15.60 
• .•.·. 1illTILl DATE, TIME POSITION/TUBE #1 #2 #3 #4 10/28/93, 1 0:38 1 41 .12 15.81 14.44 13.43 
2 33 .11 17.40 13.36 14.86 
3 18.70 16.53 16.03 14.37 
4 18.77 18.77 19.78 14.66 
5 26 .48 21 .22 18.12 15.88 
6 17.61 19.27 13.29 
:::::;=::::; :: :t 
·:·:·:·:· ....... 
DATE.TIME POSITION/TUBE #1 #2 #3 #4 
1 0/28/93 , 11 :25 1 37.44 34 .70 15.45 19.13 
2 31.82 27.42 15.45 35.20 
3 20.35 29 .65 15.52 16.89 
4 19.06 26 .19 19 .42 15.74 
5 25 .90 19.78 16.25 13.87 
6 15.88 21 .15 15.60 
: r:t:::: =:::::::::=: = 
-
....... t :=:=::::=::= ~ 
DATE, TIME POSITION/TUBE #1 #2 #3 #4 
10/28/93 , 12 :12 1 39 .53 24.17 15.16 18.48 
2 32 .97 25 .33 15.24 34.63 
3 25 .69 29.80 19.13 25 .98 
4 23.45 25.98 18.55 18.77 
5 26.12 20.07 16.82 
6 17.04 16.89 14.08 
£] 
DATE.TIME POSITION/TUBE #1 #2 #3 #4 
10/28/93, 13 :06 1 36.79 26.34 15.96 17.69 
2 33.62 22.08 15.16 30.52 
3 25 .76 26.63 14 .88 28.00 
4 24 .54 24 .46 17.40 21 .80 
5 26.48 24 .17 19.42 28.28 
6 21 .87 22.23 15.45 
:/{}j:}::::=:t 
DATE, TIME POSITION/TUBE #1 #2 #3 #4 
11/01/93, 12:34 1 22.76 19.92 14.67 16.51 
2 23.51 19.26 14.84 22.92 
3 20.92 20.59 16.92 19.34 
4 19.67 20.59 18.01 18.01 
5 26.34 20.26 19.67 18.Q1 
6 16.42 19.17 19.51 18.92 
• 
:;:: :;:;:::::::::::::; 
-
DATE.TIME POSITION/TUBE #1 #2 #3 #4 
11 /4/93, 1 2:49 1 21.97 19.44 14.54 15 .99 
2 22.59 18.59 14.37 22.44 
3 21.39 19.52 16.99 18.82 
4 19.62 19.82 18.24 18.39 
5 26.49 20.32 19.54 16.57 
6 16.62 18.72 18.57 18.64 
(93-71-1480) ARROYO SECO INFILTRATION TEST- SOIL MOISTURE DATA 
EST DATA % MOISTURE I VOLUME 
DATE.TIME POSITION{TUBE #1 #2 #3 #4 
11 /4/93 , 15:13 1 36.19 21 .79 14.49 16.62 
2 29 .84 27.62 14.39 23 .22 
3 22.17 26.07 17.17 18.42 
4 19.49 27.71 18.04 17.84 
5 26.54 25 .44 19.17 16.82 
6 16.34 18.22 19.02 18.89 
DATE.TIME POSITION{TUBE #1 #2 #3 #4 
11 /4/93, 17:00 36.29 22.49 14.34 17.04 
2 29 .22 27.71 15.04 29.32 
3 25 .41 26 .19 17.29 23 .09 
4 23 .89 27.54 17.77 20.39 
5 28.44 26.39 19.19 16.59 
6 16.14 21.29 18.59 18.62 
DATE.TIME POSITION{TUBE #1 #2 #3 #4 
11 /4/93, 22 :43 1 37.07 22.32 14.62 17.57 
2 30.94 28.27 15.14 29 .22 
3 26.32 25 .64 17. 02 23 .17 
4 24 .64 27.44 18.22 22.09 
5 28.49 26.79 19.14 28 .22 
6 18.39 23.02 19.27 26.94 
DATE, TIME POSITION{TUBE #1 #2 #3 #4 
11 /5/93 , 08:19 1 36.69 21 .29 14 .57 17.19 
2 30.04 26.84 15.09 27.94 
3 26.17 25 .21 17.69 23 .04 
4 23 .99 24 .12 17.99 21 .02 
5 28.34 25 .62 19.12 27.24 
6 17.97 22.57 19 .02 24.59 
DATE, TIME POSITION{TUBE #1 #2 #3 #4 
11 /5/93, 20 :37 37.92 20.67 14.54 16.72 
2 30.34 26.29 14.84 27.27 
3 26.02 24 .94 17.09 22.62 
4 24 .14 24.49 18.32 21 .57 
5 28.59 24 .42 20 .12 25.34 
6 17.24 21 .49 18.04 23.89 
DATE, TIME POSITION{TUBE #1 #2 #3 #4 
11 /6/93, 11 :35 1 38.19 21 .17 14.29 17.19 
2 30.09 26.21 16.24 27.06 
3 25 .34 24 .84 18.34 20.34 
4 24 .09 25 .04 19.19 19.84 
5 28.47 24.69 19 .12 26.69 
6 17.87 21 .74 19 .19 24 .24 
DATE, TIME POSITION{TUBE #1 #2 #3 #4 
11 /7/93, 09 :47 1 38.82 20.19 15 .12 16.89 
2 29.14 23.24 14.32 26.66 
3 25.27 23 .34 17.34 22.27 
4 23 .12 23.12 18.24 20.47 
5 28.07 24.22 19 .42 25.54 
6 17.64 21 .32 18.39 23 .17 
(93-71-1480) ARROYO SECO INFILTRATION TEST- SOIL MOISTURE DATA 
SGD 
EST DATA % MOISTURE I VOLUME 
DATE.TIME POSITION/TUBE #1 #2 #3 #4 
11 /7/93 , 20:00 1 36.87 19 .77 14.52 16.32 
2 28.42 22.79 14 .59 24 .82 
3 26.19 21.14 16.39 19.84 
4 23.24 24 .17 19.49 20.14 
5 28.42 22.67 21 .94 
DATE, TIME POSITION/TUBE #1 #2 #3 #4 
11 /8/93 , 15:35 1 36.84 20.42 14.85 16.14 
2 28.08 22.18 14.77 25 .60 
3 25.53 23.18 17.38 20.66 
4 23.34 22.22 18.33 20.03 
5 29.08 22 .40 18.98 22.13 
6 17.39 20.42 18.48 22.26 
DATE, TIME POSITION/TUBE #1 #2 #3 #4 
11/9/93 , 15 :30 36.97 19.43 14.36 16.23 
2 29.05 21 .26 14.89 24 .24 
3 26.10 22.15 17.76 20.53 
4 23 .56 22.17 18.32 19.24 
5 28.01 22.67 18.94 20.58 
6 17.36 19.91 18.61 21 .49 
DATE, TIME POSITION/TUBE #1 #2 #3 #4 
11 / 10/93 , 11 :35 1 37.28 20.35 14.52 16.89 
2 28.50 21 .52 14.82 24.49 
3 25 .74 21 .71 18.06 20.47 
4 23 .65 22.15 18.05 18.83 
5 28.46 22.64 18.88 20.10 
6 18.43 20.11 18.95 21 .07 
DATE.TIME POSITION/TUBE #1 #2 #3 #4 
11/10/93 , 15:15 37.64 24.74 14.57 17.15 
2 29 .51 27.52 14.56 28.05 
3 25 .84 27.50 17.90 22.43 
4 23 .64 27.65 17.70 20.82 
5 27.21 26.59 18.66 25 .88 
6 18.50 20.90 18.30 21.30 
DATE.TIME POSITION/TUBE #1 #2 #3 #4 
11 / 11 /93, 15 :13 28.29 19.84 14.93 17.16 
2 26.59 20.90 14.51 24.37 
3 24.26 22.19 17.81 21.22 
4 21 .48 21 .31 17.56 18.66 
5 24 .39 21 .63 18.13 18.36 
6 20.78 
DATE, TIME POSITION/TUBE #1 #2 #3 #4 
11 /12/93 , 10:30 1 26.59 19.62 14.56 16.95 
2 26.36 20.53 14.74 23 .54 
3 24 .17 23 .16 17.80 20.06 
4 21 .53 20.39 17.61 19 .02 
5 25 .40 20.66 17.83 19.20 
6 17.00 19.52 18.18 20 .03 
l 
LEGEND l 
+ PRE-TEST DATA - 10/28/93, 9:00 
~ TEST DATA - 11/4/93, 22:43 
EJ TEST DAT A - 11 /6/93, 11: 35 
• 
TEST DATA- 11/8/93, 15:35 
A TEST DATA- 11/10/93, 15:15 r 
* 
POST-TEST DATA- 11/12/93, 10:30 I 
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Table F-1. Monterey County Water Resources Agency Arroyo Seco Observations 
MCWRA Arro';'O S.Co ObseNationa 
Lower Bridoe Middl• Bridge 
Date Time Oe9Cnotion Q- cfs a -cfs Time 
12122184 920 GH about 2.0. Q about 150 , llow thru 150 400 1000 
l2J'ZJ/64 940 GH about 2.0 . Q about 175 , flow thru 175 13114 830 
04109165 1045 a 100. flow thru 100 370 1100 
! 1/ZJ/65 800 no ttow v1sble 261 daily 
12/13/85 1000 Did not reach Salinas River 112 daily 
02101185 1200 flow ttiru 250 daily 
12105/66 1015 GH 2.8, est. Q 1.000. Thru to Salinas 1000 3000 1000 
12117/66 ' Stopped ftowing 158 daily 
02/21/67 1400 est. 5 - 7 eta flowing 7 165 daily 
03/16/67 1400 GH 4.8 9350 1000 
01131/88 645 Flow this e.m., Thorne Ad. Closed 370 1600 
03/13/66 800 No flow 282 daily 
01/14/69 1345 GH 1.75. Q est. 500 cfs 500 721 daily 
01 /21/69 719 GH 4.0 5070 daily 
01/28/80 1700 Gh 2.9 1900 da1lv 
02107/69 1400 GH 2.5 , stHdy 1170 daily 
12122169 1000 est. GH of 1 .5 , Q 75--80 80 225 dailv 
12129/69 930 GH .7, Q est. 250 250 272 daily 
01/12/70 1030 GH 1.1, lallina 514 daily 
01/20170 1400 GH 1.0 533 daily 
01(21(70 1145 GH .85. falllng slow+y 367 da1ly 
11/30/70 1630 GH .95 3750 630 
12101/70 1515 GH .7 503 daily 
12102/70 930 GH 2.75 . risina 2640 945 
12)03(70 1115 GH 1.2, falling 762 daily 
12119/70 ? Tnru in evenina 282 daily 
12121(70 1018 GH 2.0 1620 •m 
12122170 602 GH 1 .3. dropping 734 daily 
01/20/71 ' Tnru to S.iinH 221 daily 
12122171 ? GH .. t . 1.5. a nt. soo 500 2250 1630 
121Zl/71 ' GH est. 1.0, Q est, 200 , visual ob1 .. lhru 200 395 945 
12127/71 1100 GH 1.25, visa.tel oba .. lhru 1114 1030 
11/14(72 1100 est 2,000 cfa at lower bridg• 2000 4050 1000 
01/07(74 1115 Thn.i to Salinu Rivar . GH 1.0 932 1115 
01/0!{74 819 Thru 10 Salina• Ri\19r , GH 1.9 645 daily 
01/09/74 605 Thru to Salinas River. GH 1.25 612 dailv 
02104(74 1300 StoDe>ed n.mnma 142 dail y 
03/01/74 1450 flowing 2660 daily 
04/14/74 1200 t1owing lhN. est a Joo 300 402 daily 
05/02/74 ' Flow stopped today, dry 156 daily 
12104/74 1030 GH 1.1, est 0 1.000 . earlier 2.8' and 3-4.000 cfs 766 1000 
02102175 1430 High flow . near c>Slk 17Zl0 unk 
02110/75 1447 Thru to Salina• River 2400 dailv 
11/16/75 1000 No flow. < 50 cfs Thome 75 1045 
12111m 1430 High flow. good velocity, GH 2.5 9975 1405 
01/16(78 400 GH 5 .6 16268 1200 
02107/78 1445 GH 5 .8 15250 1300 
02115/76 1650 GH 1.8 . solit channel 2000 1640 
11/21/76 1035 River came thru after 0900, GH 2.0 2275 1035 
04/11(79 1259 Look• like !low is thrv to Salinas River . GH 1.3 338 daily 
05/07/79 1200 Est 40.5 CFS. River 10 Salinaa river 40.5 172 dailv 
01/15/60 1600 GH est 2.0 . a 1500. aaae silted in 1500 2270 daily 
0'2107160 900 Q est. 200. 100· wide and 1'deep 200 252 daily 
02121/80 1500 GH 4.25. est. 6-7000 eta 7000 61M 1435 
12104/80 1115 est. 30 - 40 els 40 1005 930 
03/30/62 ' MB obser . ree . - tlow to Salinas River 499 1037 
11/30/62 1130 Flow droppina oH - gace heictit - 3.50 262" 1200 
11/30/82 1020 Peak flow. oaae heiaht. 3.75' 4874 715 
12101/82 1020 Still good flow through to Salinas. est. 400 els 400 
12122102 1000 Good tlow through lower bridge 2271 1030 
11/11183 ' Through to Salinas {from MB obs.) 1415 415 
11/25/85 915 Flow under lower bridge, thru to Salinas? 644 daily 
12102185 1200 Flow tht\J lower bridge. nearing confluence 2124 1215 
12103/M 950 Flow approx. 150 ' wide . GH 2. 1, Q300 300 
02113/66 1015 lots of watar - GH = 3.5 2000 daily 
10/06/88 1000 Flow tht\J lower bridge 199 daily 
03/04/91 930 Good flow thru to Salinas River. GH 2.2 2200 700 
03/06/91 1130 Flow roughly 200'wide at bridge, GH .9 306 1200 
03/19/91 1430 GH 1.3. light turbidity 421 1230 
03/20/91 1000 Flow covers channel from pier 21 to 10, GH 2.3 1175 1020 
02111/92 1220 Flow thru to Salinas River. bank to bank 2261 1232 
01/07/93 930 GH 3.0. Q 3000 approx. river flowing 550' 3000 5614 200 
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ttifus~i . 
····.· No; \ 
02/11/94 
2 02/11/94 
3 02/10/94 
4 02/09/94 
5 02/10/94 
Table F-2. Transect Data - Biosystems Inc. 
08:36 to 12:24 
14:00 to 17:28 
11 :48 to 12:53 
10:17to 14:30 
07:52 to 10:06 
70.8 
53.6 
85.9 
83.1 
45.2 
115.0 
107.0 
159.0 
280.0 
172.0 
•·•<·LossesBetWeen M;m •.and• .Trameet!llc#•· 
9- er{ ~Ss .• Pci-i~ht t.>~~ . :~~~~1~ > 
44.2 38.4 7.4 
53.4 49.9 8.2 
73.1 46.0 10.1 
196.9 70.3 19.0 
126.9 73.8 11.3 
cfs cubic feet per second 
M.B. Middle Bridge 
Q discharge 
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\ I /.ff'<. v:,,.,/< Green Bridge 0 
. :r--1V ,..,) ·. / /' '- "--""- Thorne Road 3. 8 / -~~ /jJ;~,f;-: .Y "'-~)- HudsonRoad 5.3 
-~ \ / J~.) \ / · .'- X-Sect l 6 .0 
',., \ j /( .. / ( ~ "., '/ · X-Sect 2 6.5 
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-., I 
.. 
,
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/ Confluence 11.4 
MAP SC~4LE 1:100,000 
TRANSECT LOCATION MAP 
PLATE F-1 
( \. __ . IOI .OH R3"ACf .JA:>U1H:::>3T THIRqRA3.J:> HO .A.2.U HI C3THIRCf ·~' 
Approximate Time 
From Arroyo 
of Travel 
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Acre 
Acre-Foot 
Adsorption 
Alkaline 
Alluvial 
Alluvial Fan 
Alluviation 
Alluvium 
Anion 
Anisotropic 
Aquiclude 
Aquifer 
Aquifer Test 
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A measurement of area, equivalent to an area of 43,560 square feet. 
The volume of water that would cover 1 acre to a depth of 1 foot. This 
volume is equivalent to 325,872 gallons. One acre-foot is normally 
enough water to supply a family of four for 1 year. 
The assimilation of gas, vapor or dissolved matter by the surface of a 
solid. 
Any of various soluble mineral salts found in natural water and arid soils 
having a pH greater than 7. In water analysis, it represents the carbon-
ates, bicarbonates, hydroxides, and occasionally the borates, silicates, and 
phosphates in the water. 
Pertaining to or composed of alluvium or deposited by a stream or 
running water. 
An outspread gently sloping mass of alluvium deposited where a stream 
flows from a canyon onto a valley floor. 
The deposition of alluvium along stream courses. 
A general term for clay, silt, sand, gravel, or similar unconsolidated 
material deposited during comparatively recent geologic time by a stream 
or other body of running water. 
A negatively charged ion . 
Having some physical property that varies with direction. 
A saturated, but poorly permeable bed, formation, or group of formations 
that does not yield water freely to a well or spring. However, an 
aquiclude may transmit appreciable water to or from adjacent aquifers. 
A formation, group of formations, or part of a formation that contains 
sufficient saturated permeable material to yield economical quantities of 
water to wells and springs. 
A test involving the withdrawal of measured quantities of water from or 
addition of water to a well and the measurement of resulting changes in 
head in the aquifer both during and after the period of discharge or addition. 
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Aquitard A geologic formation, group of formations, or a part of a formation 
through which virtually no water moves. 
Artesian Well A well deriving its water from a confined aquifer in which the water level 
stands above the ground surface; synonymous with flowing artesian well. 
Artificial Recharge Recharge at a rate greater than natural, resulting from deliberate actions 
of man. 
Bedrock A general term for the rock, usually solid, that underlies soil or other 
unconsolidated material. 
Bentonite A colloidal clay, largely made up of the mineral sodium montmorillonite, 
a hydrated aluminum silicate. 
Capillary Fringe The zone at the bottom of the vadose zone where ground water is drawn 
upward by capillary force. 
Captured Flow Surface flow put into storage in the ground water basin. 
Carbonate A sediment formed by the organic or inorganic precipitation from aqueous 
solution of carbonates of calcium, magnesium, or iron. 
Cation An ion having a positive charge. 
Cation Exchange Ion exchange process in which cations in solution are exchanged for other 
cations from an ion exchanger. 
cf s (cubic foot 
per second) A measured rate of flow, equivalent to 449 gallons per minute. 
Chert A hard, dense microcrystalline sedimentary rock composed predominantly 
of quartz. 
Coefficient of 
Permeability 
Clas ts 
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An obsolete term that has been replaced by the term hydraulic conduc-
tivity 
Grains or fragments of sedimentary rock. 
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Coefficient 
of Storage 
Cone of Depression 
Confined Aquifer 
Connate 
Contamination 
Contour 
CS AMT 
Darcy's Law 
Deep Percolation 
Deposition 
Desalination 
Drainage Basin 
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The volume of water an aquifer releases from or takes into storage per 
unit surface area of the aquifer per unit change in head. 
A depression in the ground water table or potentiometric surface that has 
the shape of an inverted cone and develops around a well from which 
water is being withdrawn. It defines the area of influence of a well. 
A formation in which the ground water is isolated from the atmosphere at 
the point of discharge by impermeable geologic formations; confined 
ground water is generally subject to pressure greater than atmospheric. 
Water trapped in the void spaces of sedimentary rock at the time the rock 
was deposited. 
The degradation of natural water quality as the result of man's activities. 
There is no implication of any specific limits, since the degree of 
permissible contamination depends upon the intended end use, or uses, of 
the water. 
A line on a map that connects points of equal value. 
Controlled-source audiomagnetotelurics. 
A derived equation for the flow of fluids on the assumption that the flow 
is laminar and that inertia can be neglected. 
The moisture which penetrates below the depths from which it may be 
used by plants; it represents that part of the water absorbed which exceeds 
the field capacity of the soil within the depth of root development. Deep 
percolation is water which moves downward from the surface of the 
ground and reaches the water table. 
The laying-down of rock-forming material, such as by the mechanical 
settling of sediments from suspension in water. 
To remove salt and other chemicals from water. 
A region surrounded by elevated land whose drainage converges to a 
single stream. 
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Draw down 
Drilling Fluid 
Effluent 
Electrical 
Conductance 
Electrical 
The distance between the static water level and the surface of the cone of 
depression. 
A water- or air-based fluid used in the water well drilling operation to 
remove cuttings from the hole, to clean and cool the bit, to reduce friction 
between the drill string and the sides of the hole, and to seal the borehole. 
A waste liquid discharge from a home, commercial, or industrial activity, 
or from manufacturing or treatment processes, in its natural state of 
partially or completely treated, that discharges into the environment. 
A measure of the ease with which a conducting current can be caused to 
flow through a material under the influence of an applied electric field. 
It is the reciprocal of resistivity and is measured in mhos per foot (meter). 
Resistivity The property of a material which resists the flow of electrical current 
measured per unit length through a unit cross-sectional area. 
Equipotential Line A contour line on the water table or potentiometric surface; a line along 
with the pressure head of ground water in an aquifer is the same. Fluid 
flow is normal to these lines in the direction of decreasing fluid potential. 
Estuarine Pertaining to or formed in an estuary. 
Estuary A partially enclosed coastal body of water where the tide meets the 
current of a stream. 
Eustatic Pertaining to worldwide changes in sea level. 
Evapotranspiration Loss of water from a land area through transpiration of plants and 
evaporation from the soil. 
Excess Surface 
Flow 
Facies 
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Unmanaged streamflow that does not naturally percolate and become 
stored in the ground water basin, or that flows to the ocean, thereby 
losing the opportunity to use the water. 
Referring to the characteristics of a rock unit; broadly corresponding to 
a certain environment or reflecting the conditions of its origin. 
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Fault 
Field Capacity 
Floodplain 
Flu vial 
Forebay 
Geomorphology 
Geophysical 
Exploration 
Ground Truth 
SGD 
A fracture of a zone of fractures along which there has been displacement 
of the sides relative to one another parallel to the fracture. 
The maximum amount of capillary water that can be held in a freely 
drained root zone, measured as the ratio of weight of water retained by 
the soil to the weight of the dry soil. 
The portion of a river valley adjacent to a river channel that becomes 
covered with water when the river overflows its banks. It is built of 
alluvium carried by the river during floods and deposited in the sluggish 
water beyond the influence of the swiftest current. 
Pertaining to rivers or produced by the action of a stream or river. 
An area where water may percolate through the underlying soils to 
recharge ground water supplies. 
The study of landforms and their relationship to underlying structures. 
The use of electric, magnetic, seismic, or thermal techniques to gather 
information. 
Reference point for geophysical study. 
Ground Water Table The surface between the zone of saturation and the zone of aeration; the 
surface of an unconfined aquifer. 
Hardness 
Head 
Hydraulic 
Conductivity 
Hydraulic Gradient 
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A property of water causing formation of an insoluble residue when the 
water is used with soap. It is primarily caused by calcium and magnesium 
ions. 
Energy contained in a water mass, produced by elevation, pressure, or 
velocity. The height of a water column above some datum. 
Permeability coefficient; the rate of flow of water in gallons per day 
through a cross-section of 1 square foot under a unit hydraulic gradient. 
The slope of a water surface. 
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Hydrogeologic Those factors that deal with subsurface waters and related geologic aspects 
of surface waters. 
Hydrostratigraphic Grouping of rock units based on the capacity of the rock, sediment, or soil 
to transmit water. 
Igneous Rocks Rocks that solidified from molten or partly molten material, that is, from 
a magma. 
Interference 
Inundation 
Ion 
Isochlor 
Isotropic 
Lithic 
Lithology 
Maximum 
Contaminant 
Level (MCL) 
MBAS 
MCL 
MGD 
mg/I 
77A\0-RPT2.APR 
The condition occurring when the area of influence of a water well comes 
into contact with or overlaps that of a neighboring well, as when two 
wells are pumping from the same aquifer or are located near each other. 
Covered, as with a flood. 
An electrically charged atom or group of atoms. 
Line of equal concentration of chloride ions. 
Said of a medium whose properties are the same in all directions. 
Pertaining to or made of stone. 
Physical character or description of rocks, such as color, grain size, and 
mineral composition. 
Water containing contaminants exceeding the maximum contaminant 
levels, determined by the California State Department of Health Services, 
presents a risk to the health of humans when continually used for drinking 
water or culinary (domestic) purposes. 
Methylene Blue Active Substances. 
Maximum Contaminant Level. 
Million gallons per day. 
Milligrams per liter 
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MSL Mean sea level; the average height of the sea between high and low tides. 
Morphology The shape of the earth's surface. 
Naturally 
Developed Well 
Neogene 
Nitrate 
A well in which the screen is placed in direct contact with the aquifer 
materials; no filter pack is used. 
An interval of time incorporating the Miocene and the Pliocene of the 
Tertiary period; between 2 and 24 million years ago. 
An ion in water composed of one nitrogen atom and three oxygen atoms. 
Nitrate is a primary standard for drinking water, at 10 mg/l (reported as 
Nitrogen-N; 45 mg/l (reported as Nitrate-N03). Excessive consumption 
of nitrate may prevent blood from circulating oxygen. This chemical is 
a problem for babies and the elderly. Reaction to excessive nitrate 
consumption is referred to methemoglobinemia, otherwise known as "blue-
babies" disease. 
Observation Well A well drilled in a selected location for the purpose of observing 
parameters such as water levels and pressure changes. 
Overbank Deposit Silt or clay deposited on a flood plain by flood waters, not contained with 
stream channel. 
Oxidation The combining of an element with oxygen. Also a chemical reaction 
whereby a compound loses electrons. 
Perched Water Unconfined ground water separated from an underlying main body of 
ground water by an unsaturated zone. 
Percolate The act of water seeping or filtering through the soil without a definite 
channel. 
Permeability The property or capacity of a porous rock, sediment, or soil for transmit-
ting a fluid; it is a measure of the relative ease of fluid flow under 
unequal pressure. 
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pH 
Porosity 
A measure of the acidity or alkalinity of a solution, numerically equal to 
7 for neutral solutions, increasing with increasing alkalinity and decreasing 
with increasing acidity. Originally stood for the words potential of 
hydrogen. 
The percentage of the bulk volume of a rock or soil that is occupied by 
interstices, whether isolated or connected. 
Porcelaneous Chert Hard, opaque chert having a smooth surface and china-white appearance. 
Pumping Test A test that is conducted to determine aquifer or well characteristics. 
Quaternary A period of geologic time that began 2- to 3-million years ago and extends 
to the present. 
Radius of Influence The radial distance from the center of a well bore to the point where there 
is no lowering of the water table or potentiometric surface (the edge of its 
cone of depression). 
Recharge The addition of water to the zone of saturation; also, the amount of water 
added. 
Residual Drawdown The difference between the original static water level and the depth to 
water at a given instant during the recovery period. 
RWQCB Regional Water Quality Control Board. 
Sandstone A sedimentary rock composed of abundant rounded or angular fragments 
of sand set in a fine-grained matrix (silt or clay) and more or less firmly 
united by a cementing material. 
Seawater Intrusion Displacement of fresh water by the advancement of salt water. 
Sedimentary Rock A layered rock resulting from the consolidation of sediment. 
Shale A fine-grained sedimentary rock, formed by the consolidation of clay, silt, 
or mud. It is characterized by finely laminated structure and is sufficient-
ly indurated so that it will not fall apart on wetting. 
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Soil Moisture 
Deficiency 
Son de 
Specific Capacity 
Specific Retention 
Specific Yield 
BGD 
The depth of water in inches required at the beginning of the rainy season 
to bring the soil up to field capacity. 
An elongate cylindrical tool assembly used in a borehole to acquire a 
geophysical well log. 
The rate of discharge of a water well per unit of drawdown, commonly 
expressed in gpm/ft. It varies with duration of discharge. 
The ratio of the volume of water that a given body of rock or soil will 
hold against the pull of gravity to the volume of the body itself. It is 
usually expressed as a percentage. 
The ratio of the volume of water that a given mass of saturated rock or 
soil will yield by gravity to the volume of that mass. This ratio is stated 
as a percentage. 
Static Water Level The level of water in a well that is not being affected by withdrawal of 
ground water 0 
Strata 
Stratigraphy 
Storativity 
Tectonism · 
Tertiary 
Thalweg 
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Layers of sedimentary rock. 
The study of rock strata, especially of their distribution, deposition, and 
age. 
Volume of water an aquifer releases from or takes into storage per unit 
surface area per unit change in head. In an unconfined aquifer, storativity 
is equivalent to specific yield. 
General term for movement of the crust causing major structural or 
deformational features. 
Period of geologic time covering the span of time between 65-million 
years ago and 2-million years ago. 
A longitudinal profile of a streambed, or a line connecting the lowest 
points along a streambed. 
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Total Dissolved 
Solids (fDS) 
Transgression 
Transmissivity 
Transpiration 
Uncaptured Flow 
A term that expresses the quantity of dissolved material in a sample of 
water, either the residue on evaporation, dried at 356°F (180°C) or, for 
many waters that contain more than about 1,000 mg/I, the sum of the 
chemical constituents. 
The spread of the sea over land areas. 
The rate at which water is transmitted through a unit width of an aquifer 
under a unit hydraulic gradient. Equals the hydraulic conductivity 
multiplied by the aquifer thickness. 
The process by which water absorbed by plants, usually through the roots, 
is evaporated into the atmosphere from the plant surface. 
Water not put to beneficial use. 
Unconfined Aquifer An aquifer where the water table is exposed to the atmosphere through 
openings in the overlying materials. 
USGS 
Vadose Zone 
Water Banking 
Watershed 
Water Table 
Well Yield 
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United States Geological Survey 
The zone containing water under pressure less than that of the atmosphere, 
including soil water, intermediate vadose water, and capillary water. This 
zone is limited above by the land surface and below by the surface of the 
zone of saturation, that is, the water table. 
Storage of water in the ground for subsequent pumping and use. 
A drainage basin. 
The surface between the vadose zone and the ground water; that surface 
of a body of unconfined ground water at which the pressure is equal to 
that of the atmosphere. 
The volume of water discharge from a well in gallons per minute or cubic 
meters per day. 
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